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DESCRIPTION 



BIOLOGICAL SAMPLE DISCRIMINATION APPARATUS, BIOLOGICAL SAMPLE 
DISCRIMINATION METHOD, AND BIOLOGICAL j SAMPLE DISCRIMINATION PLATE 

TECHNICAL FIELD 

The present invention relates tola biological sample 
discrimination apparatus, a biological, sample discrimination 
method, and a biological sample discrimination plate, for 
transferring a biological sample such as DNA, protein or the like 
in a buffer agent, and discriminating the biologxcal sample. 

BACKGROUND ART 

When a general biological sample jis considered, DNA and 
protein exist broadly. m recent yeari, with rapid progress of 
chemical biology, involvement of genomj has been understood in 
various kinds of diseases with a fair degree of precision, and 
medical cares targeted at genome have attracted attention. 

With respect to DNA, presently, SNPs (Single Nucleotide 
Polymorphism which is a general term for a difference of a single 
code (a single nucleotide) in genome) attract attention. The 
reason is as follows. By classifying SNPs, it is possible to 
predict the prevalence rates of many diseases, and the effects or 
sensitivities of individuals to medical; agents, and furthermore, 
it is possible to realize perfect identification of an individual 
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because human beings having complete!^ the same SNPs never exist 
on the planet, even among parents and jchildren or brothers. 

Presently, as a method for examining SNPs, "sequencing" 
(determination of base sequence) in which a DNA base sequence ls 
directly read from an end, has been adopted most commonly. 
Although there have been several reports about methods of 
Performing the sequencing, "dideoxy sequencing" (Sanger method, 
has been carried out most commonly. The sequencing is, in any 
method including the Sanger method, established on the basis of a 
technique for separating/discriminating a difference in single- 
base lengths by denatured polyacrylamide gel electrophoresis 
having a high separation ability, or capillary electrophoresis. 
The classification of the SNPs by such sequencing method is 
carried out as follows. That is, after a target gene is isolated, 
the gene is amplified and purified, and then a base sequence of 
the target gene is read by using a methjod (apparatus) for 
determining a base sequence of gene. Therefore, enormous 
quantity of work and time and, further,! great running cost are 
required for experiments, and an automatic device for determining 
a base sequence, which is use d for the experiments, is very 
expensive and occupies a large space, and needs a great amount of 
expensive reagents. ;• . 

These problems can almost be solved by using a method of 
separating DNA by affinity ligand capillary electrophoresis. The 
affinity ligand capillary electrophoreses makes the separation 



have specificity, by utilizing intermuscular affinity, 
particularly, specific affinity in ecosystem (enzyme-substrate 
affinity, antigen-antibody affinity, etc.). To be specific, 
analysis is carried out with attention 1 to a phenomenon that, when 
one of two components that mutually react is added to an 
electrophoresis solution in a capillary tube while the other 
component is made to perform electrophoresis in the solution, 
only molecular species that mutually react in the sample mixture 
have variations in their migration speeds (for example, refer to 
Patent Document 1 (Japanese Published Patent Application No 

i 

Hei .7-311198) ) . i 

I 

In the conventional affinity ligdnd capillary 
electrophoresis, as an affinity ligand; that specifically 
recognizes a base sequence, a single-strand that is complementary 
to a base sequence of a specimen DMA d used. However, since an 
affinity ligand comprising polynucleotide as a component has a 
negative charge, when a voltage is applied thereto, the affinity 
ligand undesirably flows out of the capillary. In order to avoid 
this, conventionally, the single-strand that is complementary to 
the base sequence of the specimen DMA, jwhich is the affinity 
ligand, is immobilized in the capillar^. As a method for 
immobilization, there has been proposed a method of 

i 

copolymer! zing a vinyl DNA with pblyacrjyl amide, and immobilizing 
the resultant copolymer covalently ontoj the inner wall of the 
capillary. Thereby, the specimen DNA sjtrongly interacts with the 



immobilized oligonucleotide as the affjinity ligand and is 
adsorbed to the inside of the capillary. On the other hand, the 
noise DNA flows out of the capillary without being adsorbed to 
the immobilized oligonucleotide. As a result, the specimen DNA 
can be detected (refer to Patent Documjent 1) . 

In this method, however/ since the affinity ligand is coated 
onto only the inner wall of the capillary, the interaction 
between the affinity ligand and the sanple is limited to the wall 
surface and its vicinity, leading to difficulty in measurement as 
well as deteriorated measurement precision. 

So, the applicant of the present ^invention has discovered a 
method of pseudo immobilizing the affinity ligand in the 
capillary so that interaction between {he affinity ligand and the 
sample is not limited to the wall surface and its vicinity. For 
example, a genetic testing apparatus and a genetic testing method 
as follows are proposed. That is, a first chamber and a second 
chamber in which electrodes are disposed respectively are 
connected by capillary tubes that are filled with a buffer 
solution including a linear polymer and a DNA bonding control 
agent, and a DNA conjugate for separation comprising a linear 
Polymer to which a base sequence that ip hydrogen-bondable to a 
target DNA as a detection target included, in the DNA sample is 
bonded is added to the buffer solution L the capillary tubes, 
and then the DNA sample as a specimen is filled in the capillary 
tubes, and thereafter, a voltage is applied between the 
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electrodes to make the DNA sample in the capillary tubes perform 

electrophoresis, thereby separating the DNA sample (refer to 

Patent Document 2 (Japanese Published Patent Application No. 2002- 
340859) ) . 

I 

Hereinafter, a method of pseudo Immobilizing the affinity 
ligand in the cap.llary will be described. There are DNA forming 
a double strand and DMA f orming a singjle strand . ^ ong four 
bases A, T, c, and G of DNA, A and T ojr G and C are apt to be 
bonded each other. Also in the double' strand of DNA, A-T or G-C 
are paired with each other. Accordingly, when one DNA is 
arranged in a base sequence of 5' -ATCGCGT-3' , the other DNA has a 
base sequence of 3 ' -TAGCGCA-5' . 

in a DNA conjugate for separating a DNA sample, in order to 
utilize the above-mentioned complementary relation of DNA, a DNA 
sequence having a complementary relation with mutant DNA in the 
DNA sample is given to a DNA portion of the DNA conjugate for 
separation. For example, when a DNA sequence of mutant DNA as a 
target DNA as a detection target in a DNA sample includes 5'- 
ATCGCGT-3 ' and a DNA sequence of. wild DNA includes 5' -ATCACGT-3' , 
the base of the mutant DNA and the base! of the wild DNA differ at 
the underlined portions. At this time,; if the sequence of the 
DNA portion of the DNA conjugate for separation is 3' -TAGCGCA-5' , 
the wild DNA is not complementary to thk DNA conjugate at the 
underlined portion. Thereby, the entirb bonding force of the 
mutant DNA becomes by one base larger than that of the wild DNA, 
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whereby the mutant DNA migrates slower than the wild DNA durxng 
electrophoresis . 

A DNA sample is obtained by extracting DNA from blood or the 
like by destroying cells, and magnifying a portion including a 
target DNA sequence by PGR or the likel At this time, the 
magnification is carried out with a predetermined number of bases, 
whereby the number of bases of a DNA conjugate having a 
complementary sequence can also be determined. 

According to the above-mentioned method, when the negatively 
charged DNA conjugate for separation and the DNA sample are 
migrated from the second container to the first container by 
electrophoresis, the affinity ligand is pseudo immobilized so 
that the interaction between the affinity ligand and the DNA 
specimen is not lifted to the wall surface and its vicinity, and 
the wild DNA and the mutant DNA can be separated from each other 
due to a difference in the migration speed of the DNA sample. As 
a result, gene abnormality of SNPs can jbe discriminated in. a 
short time, easily and precisely. ! 

On the other hand, proteins exist [in cells, tissues, and 
bio-fluids, and are involved in control j of organic activities, 
supply of energies to ceils, combination of important substances, 
maintenance of organic structures, and further, inter-cell 
communication and intra-cell informatioj transmission. Currently, 
it is becoming clear that proteins havelplural functions 
according to various environments, existences of other proteins 
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for interaction, degrees and kinds of ^edifications given to the 
proteins. j 

A protein is a high polymer compound obtained by combining 
(polymerizing) a plurality of L~ amino jacids, and it is an 
important constituent of biological bo-dies. The sequence of the 
amino acids is called a primary structure of protein, and this 
sequence is determined by sequences of genes (DNA) . To be 
specific, one amino acid is designated by three base sequences. 
Unit amino acid portions ( -NH-CH ( -R- ) CO- ) which become 
constituents of protein by peptide bonding are called ammo-acid 
residues, and their natures differ depending on the respective R. 
A protein takes a secondary structure such as an a helix 
(helical) structure or a 0 sheet structure according to 
interaction of the residues, and further, takes a tertiary 
structure as the whole protein. The faction of protein is 
determined according to the tertiary structure (cubic structure). 
That is, even proteins comprising the slame amino acid sequence 
have different functions depending on tjheir cubit structures 
(folding manners). For example, a priejn that causes BSE is 
different from a normal prion only in t;he cubic structure. While 
studies relating to the cubic structure* and functions of 
proteins are proceeding currently, it ijs believed that, in the 
future, cubic structures of proteins cah be designed and 
synthesized in accordance with desired [functions 

A protein is produced by connecting 20 kinds of amino acids 
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in order according to a genetic instruction (sequence 
information), and it is said that therU are tens of millions of 
proteins. if the genetic sequence is found, it is possible to 
obtain information as to what amino acids are connected in what 
order. An assembly of proteins that ip produced from biotic 
genomes is called "proteome", and now analysis for proteome is 
increasingly carried out, after completion of sequencing of human 
genomes . 

In analyzing and studying the functions of proteins, it is 
necessary to perform, not only identification and 



assay, investigation for 



characterization, but also biochemical 
inter-protein reactions, and elucidation of protein network or 
signalrng in and out of cells. Various fields of technologxes 
are employed in studying the protein functions, for example, 
enzyme assay, yeast two-hybrid assay, purification by 
chromatography, information tool and data base, and the like ar, 
employed. Particularly, discrimination of proteins by 
electrophoresis is an important scheme.; There are various 
reports relating to fluid transportation and orientation in the 
case where sample analysis, discrimination, determination, and 
the like are carried out by detecting a j transport reaction 
obtained when transferring a fluid suchj as a sample, an analyte, 
a buffer agent, or a reagent in . a = capillary tube by such as 
electrophoresis (for example, refer to ktent Document 3 
(Japanese Published Patent No . 2000-513813) , Patent Document 4 



(Japanese Published Patent No . 2001-523341) , Patent Document 5 
(Japanese Published Patent No . 2000-51 4 920 , , and Patent Document 6 
(Japanese Published Patent Application No . 2003-28883) ) . 

! 
I 

I 
I 

DISCLOSURE OF THE INVENTION i 

PROBLEMS TO BE SOLVED BY THE INVENTIOnj 

However, in the genetic testing apparatus and method 
described in Patent Document 2, it is necessary to fill , DNA 
conjugate for separation and a DNA sample in the capillary tubes 
which are filled with the buffer solution including the linear 
polymer and the DNA bonding control agint. !t is a troublesome 
wor, to fill the DNA conjugate for separation and the DNA sample 
into the individual capillary tubes. further, when filling the 
DNA conjugate for separation and the d|a sample, if the amounts 

thereof differ among the canillaru n, k j 

g L..e capillary tubds, the measurement results 

might be adversely affected. j 

Furthermore, in the methods described in Patent Documents S 
and 6, in order to perform sample separation, a plurality of 
capillary channels are crossed, ' at least three electrodes are 
provided, and a voltage is applied to tic electrodes among the at 
least three electrodes, whereby the sample is migrated through 
the crossing points. ln this method, hpwever, since the channels 
are crossed, there is a possibility, that the sample does not 
migrate satisfactorily during electrophoresis, leading to a 
problem that an accurate measurement result cannot be obtained. 
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Further, in the methods described in patent Document 3 and 4, a 
fine channel is embedded in a platform, and the rotation speed of 
the platform is varied to vary a centripetal force caused by the 
rotation, thereby to make the sample migrate. In this method, 
however, in addition to a problem thad the sample is migrated 
only in the centripetal direction, thej shape of the fine channel 
is considerably complicated. ' 

The present invention is made to solve the above-described 
Problems and has for its object to prolide a compact, lightweight, 
and inexpensive biological sample discrimination apparatus, a 
biological sample discrimination method, and a biological samole 
discrimination plate used in the biological sample discrimination 
apparatus, which do not require complicated preparation wor k s, 
and provide an accurate detection result in a short time, when 
performs discrimination of a biological sample by making the 
biological sample migrate in a buffer ^gent f illed in channels. 

MEASUREMS TO SOLVE THE PROBLEMS i 

i 

in order to solve the above-mentioned problems, a biological 
sample discrimination apparatus according to claim 1 of the 
Present invention comprises a plate on i*ich a channel pattern is 
formed, the channel pattern comprising i first channe! into which 
a buffer agent is injected, and a seconi channel having, ln , 
portion thereof, a quantification part lhat has a portion common 
to the first channel, and holds a predetermined amount of a 
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biological sample, the biological sample being injected into the 
channel including the quantification jjart; a filling unit for 
filling the buffer agent into the firjt channel of the plate 
while filling the biological sample injto the second channel 



thereafter, making a 
sample remain in the 



including the quantification part, and 
predetermined amount of the biological 
quantification part of the second channel to add the 
predetermined amount of the biological sample to the buffer 
agent; and a discrimination unit for making the predetermined 
amount of the biological sample that is held in the 
quantification part migrate in the buffer agent to discriminate 
the biological sample that migrates in : the buffer agent. 

Therefore, when performing discrimination of the biological 

sample, a discrimination result of the ' 

obtained by only adding the biological 

discrimination and the buffer agent, thereby providing 
biological sample discrimination apparatus that needs no 
complicated preparation works, and obtain an accurate 
discrimination result. 

According to Claim 2 of the preselt invention, in the 
biological sample discrimination apparatus as defined in Claim 1, 
the plate has a buffer agent injection part connected to the 
first channel, a sample injection part ' U^a ted to the second 
channel, and an air hole connected to tie sample injection part 
in the second channel; and the filling »nit rotates the plate in 



biological sample can be 
sample as a target of 



the first channel by a 
make the biological sample 
ow up to a first flow 



which the buffer agent is injected inio the buffer agent 
injection part and the sample is injected into the sampie 
injection part, thereby to make the bujffer agent stored in the 
buffer agent injection part flow into 
centrifugal force, and simultaneously, 
stored in the sample injection part fl 

position that does not reach the quantification part in the 
second channel, pressurizes the samplej injection part to make the 
biological sample in the second channel flow from the first flow 
position up to a second flow position including the 
quantification part in the second channel, and thereafter, 
rotates the plate to separate the bioligical sample in the second 
channel so that a predetermined amount Jof the biological sample 
remains in the quantification part of the second channel. 

Therefore, the process of filling 
channels can be realized by a centrifugal force, and the 
quantitative addition process of adding, a predetermined amount of 
the biological sample into the buffer agent can also be reaped 
by the centrifugal force, thereby providing a bxoiogical sample 
discrimination apparatus that needs no complicated preparation 

works, and can obtain an arm ^ • _ !. ' . 

an ac curat<- discrimination result in a 

short time. j 

According to Claim 3 of the- present invention, in the 
biological sample discrimination apparatus as defined in Claim 1, 
the P late has a buffer agent injection part connected to the 



the buffer agent into the 



first channel, a sample injection parti connected to the second 
channel, and an air hole connected to :the sample injection part 
in the second channel; and the filling unit rotates the plate in 
which the buffer agent is injected intjo the buffer agent 
injection part and the sample is injejted into the sample 
injection part, thereby to make the buffer agent stored in the 
buffer agent injection part flow into the first channel by a 
centrifugal force, and simultaneously, j make the biological sample 
stored in the sample injection part flow up to a first flow 
position that does not reach the quantification part in the 
second channel, pressurizes the sample injection part to make the 
biological sample in the second channel flow from the first flow 
position up to a second flow position [ncluding the 
quantification part in the second channel, and thereafter, 
performs aspiration from the air hole jo separate the biological 
sample in the second channel so that a jpredeterruined amount of 
the biological sample remains in the quantification part of the 

i 

second channel. \ ' 

j 

Therefore, the process of filling! the buffer agent into the 
channels can be realized by a centrifugal force, and the process 
of filling the biological sample into . tjhe channels and the 
quantitative addition process of adding] a predetermined amount of 
the biological sample into the buffer agent, can be realized by a 
difference in pressures generated in thb channels, thereby 
providing a biological sample discrimination apparatus that needs 



no complicated preparation works, and can obtain an accurate 

discrimination result in a short time. 

According to Claim 4 of the present invention, in the 
biological sample discrimination apparatus as defined in Claim 2 
or 3, the fining unit includes a motQr fQr rotating ^ ^ 

a high speed, and a pressure control pLrt for pressurizing or 
aspirating- the second channel. 

Therefore, it is possible to transfer the biological sample 
and the buffer agent in the channels, by applying a centrifugal 
force to the buffer agent and the biological sample in the 
channels or by generating a difference^ in pressures in the 
channels. Accordingly, when performrnjj discrimination of the 
biological sample, it is only needed t<j> add the biological sample 
as a target of discrimination and the puffer agent onto the plate, 
and complicated preparation works can be dispensed with. 

According to Claim 5 of the preselt invention, in the 
biological sample discrimination apparatus as defined in Claim 2 
or 3, the filling unit is disposed at a| lower P art of the 
biologxcal sample discrimination apparatus while the 
discrimination unit is disposed at an upper part of the 
apparatus; and the apparatus further including an elevation stage 
for vertically driving the plate betweej. the filling unit and the 

discrimination unit. j 

' ' " ! 

Therefore, the plate can be moved 'between the discrimination 
unit and the filling unit to make the respective units perform 
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the quantitative addition process and the filling procesS/ 
whereby the biological sample discretion apparatus can be 
made more compact and inexpensive. j 

According to Claim 6 of the present invention, in the 
biological sample drscrlmination apparatus as defined in Claim 5 
the discrimination unit is hung, via a! spring, f rom a ceilin9 
board which is provided in an upper ^ ^ ^ 

Therefore, the discrimination unit can be easxiy disposed in 
the upper part of the apparatus, and the constituents of the 
discrimination unit can be reliably brought into contact with the 
Piate, whereby the apparatus can be made more compact as well as 
an accurate discrimination result can fae 

According to Claim 7 of the present invention, in the 

biological sample discrimination apparatus as defined in Claim 6, 

a pressure control unit for pressurizing or asoiratino th 

*y ul aspirating the second 

channel is hung from the ceiling board Jvia a spring. 

Therefore, the apparatus can be mide more compact. 

According to Claim 8 of the present invention, in the 
biological sample discrimination apparatus as defined in claim 2 
or 3, the discrimination unit includes a heater for measurinc, a 
temperature of the first channel with a. thermistor, and 
controlling the first channel to a preditennined temperature in 

accordance with a result of t-h^ m ' -J 

KiUU or the measurement. 

Therefore, in this apparatus, the (tempera tare of the first 

channel can be kpnt- s ^ 

kepc an the same condition, whereby raore accurate 
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discretion result can be obtained .i n the apparatus. 

According to Claim 9 of che pres?nt lnvention _ in ^ 

b " l0giCal SamPie """Nation apparatus as defined in claim 8 
di ™-"°" »lt inciudes, instead of the heater and the 

thermistor, a heat contact pin and a thermistor contact pin for 
applying a voltage to a heater and a thermistor which are 
provided on the plate. j 

Therefore, the discrimination unit can be made more compact 
"hereby the apparatus can be made more, compact, lightweight, and 
inexpensive. j 

According to claim 10 of the present invention, in the 
biological sample discrimination apparatus as defined in Claim S. 

the heater is disposed on the fir.r ^kJ 

on the first channel, and the thermistor 

•is disposed at a position f-v, a t- ! 

P sition rhat is separated from the heater by a 

distance between the first channel and the heater. 

Therefore, the first channel can L set at a h - 

set at a predetermined 

temperature without an error by measuring the temperature of rh . 
first channel at a value near the actual temperature with che 
thermistor, whereby more accurate discrimination result can be 
obtained in the apparatus. ] 

According to claim 11 of che preset invention, in the 
biologic* sample discretion apparatus as defined in Claim a 
the thermistor is disposed on the first! channel, and the heater 
x. disposed at a position that is separated from the thermistor 
by a distance between the first channel-and the thermistor 



Therefore, more accurate discrimination result can be 
obtained as described above. , 

According, to Claim « of the pr .J,. nt invention, in ^ 
biological sa B p le discrimination apparatus as define claim 3 or 
3. th. discrimination unit lncludes a | fltcing ^ ^ inserted 

into a fitting pin hole provided on thje plate, and a low-speed 
rotation .otor for rotating the discrimination unit at , lQ „ 
speed, and after the plate is fitted and fixed to the 

discrimination unit with the fitting p 

the discrimination unit are rotated at 

speed rotation motor, and the biological sample Emigrates in 
the buffer agent is discriminated durrng the low-speed rotation 



3-n, the plate as well as 
a low speed by the low- 



of the plate 



Therefore, the plate and the discrimination unit can be 
integrated to be rotated by the motor, (whereby more accurate 
drscrimination result can be obtained i„ the apparatus. 

According to Clarm !3 of the preset invention, in the 
-logical sample drscrimination apparatus as defined in ciarm 12 
th. discrimination unit includes a positioning mar, detection 
sensor for detecting a positioning mar* that is provided on the 
Plate, and the plate is rotated at a low speed by the low-sPeed 
rotation motor, and the fitting pin hell on the plate is detected 
by the positioning mar, detection sen.of to determine the 
position of the plate, and thereafter, the fitting pi„ is 
inserted in the fitting pin hole. 



18 



Therefore, the plate and the discrimination unit can be 
reliably fitted to each other. i 

According to claim 14 of the present invention, in the 
biological sample discrimination apparatus as defined in Claim 2 



or 3, the discrimination unit is provi 



electrode and a negative electrode, arid after the filling unit 



ded with a positive 



second channel so that a 
sample remains in the 



separates the biological sample in the 
predetermined amount of the biological 
quantification part of the second channel, the positive electrode 
and the negative electrode are insertejd in the first channel, and 
a voltage is applied between the positive electrode and the 
negative electrode to make the predetermined amount of the 
biological sample stored in the quantification part migrate by 
electrophoresis in the buffer agent, whereby the biological 
sample that migrates in the buffer agejt is discriminated. 

Therefore, the biological sample added to the buffer agent 
that is filled in the first channel caa be transferred by 
electrophoresis, and a discrimination jesult can be obtained on 
the basis of the transfer state, whereby an accurate 

discrimination result can be obtained in a shorter time, in the 
apparatus. i 

According to Claim 15 of the. preset invention, in the 
biological sample discrimination apparatus as defined in Claim 14, 
the plate is provided with a cleaning rjegion for cleaning the 
positive electrode and the negative electrode, and after the 
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filling unit separates the biological ! sample in the second 
channel so that a predetermined amountj of the biological sample 
remains in the quantification part of !the second channel, the 



ectrode are cleaned in the 



positive electrode and the negative el< 

cleaning region, and then the positive 1 electrode and the negative 
electrode are inserted into the first jchannel. 

j 

Therefore, foreign objects such fs dust which are attached 
to the positive and negative electrodejs while the apparatus is 
stored can be rinsed away, whereby more accurate discrimination 
result can be obtained in the apparatus. 

According to Claim 16 of the present invention, in the 
biological sample discrimination apparatus as defined in Claim 14, 
the discrimination unit includes, instead of the positive 
electrode and ! the negative electrode, cwo electrode contact pins 
for applying a voltage to a positive electrode and a negative 
electrode which are provided on the plate. 

Therefore, the discrimination unit can be made more compact, 
whereby the apparatus can be made more j compact, lightweight, and 
inexpensive . 



ent invention, in the 



According to Claim 17 of the. presi 
biological sample discrimination apparatus as defined in Claim 14, 
the biological sample is a DMA sample, land the buffer agent 
contains a DNA conjugate for separation 1 comprising a linear 
polymer to which a base sequence that ijs hydrogen-bondable to a 
target DNA as a detection target included in the DNA sample is 
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bonded, a DNA bonding control agent, and a pH buffer agent. 

Therefore, in this apparatus, presence/absence of SNPs in 
the DNA sample as a test target can be,* discriminated in a short 
time, accurately, without requiring complicated preparation works 

According to Claim 18 of the prefent invention, the 
biological sample discrimination apparatus as defined in claim 1 
further includes a cooling fan for coding the increased 
temperature in the apparatus, and a light cutoff part for cutting 
off light incident from the outside of' the apparatus, which is 
disposed on an air intake port of the cooling fan. 

Therefore, the interior of the apparatus can be cooled by 
circulating air without incidence of lL t into the apparatus, 
whereby the brological sample can be accurately discriminated in 
the apparatus. 

i 

According to Claim 19 of the present invention, in the 
biological sample discrimination apparatus as defined in Claim 18 . 
the light cutoff part comprises a porods film. 

Therefore, in this apparatus, thej biological sample can be 
accurately discriminated, as described jabove . 

According to Claim 20 of the presint invention, in the 
biological sample discrimination apparatus as defined in Claim 18, 
the light cutoff part comprises an L-shjaped or crank-shaped 

baffle olate. i 

j 

Therefore, in this apparatus, the j biological sample can be 
accurately discriminated, as described above. 



buffer agent, on the basis 
tical detection unit. 



According to Claim 21 of the present invention, in the 
biological sample discrimination apparatus as defined in Claim 2 
or 3, the discrimination unit includes: an optical detector for 
detecting a fluorescence or an absorbajnce of the buffer agent 
that is fined in the first channel, and discriminates the 
biological sample that migrates in the 
of a result of the detection by the op 

Therefore, the migration state off the biologxcal sample that 
migrates in the buffer agent can be detected by scanning the 
first channel with the optical detection unit, whereby an 
accurate discrimination result can be j>btained in a short time. 

According to Claim 22 of the present invention, in the 
biological sample discrimination apparatus as defined in Claim 21, 
the optical detection unit is disposed on an elevation stage for 
vertically moving the plate, and a height adjustment unit for 
measuring a distance between the plate and the elevation stage 
and performing adjustment so as to make| the measurement result 
constant is disposed on the elevation Jtage. 

Therefore, the distance between tL optical detection unit 
and the plate can be kept constant, whereby more accurate 
dxscriminatxon result can be obtained ^ the apparatus. 

According to Claim 23 of the present invention, a biological 
sample discrimination method for detecting a biological sample 
that migrates in a buffer agent to discriminate the biological 
sample, comprises: using a plate on which a channel pattern is 



22 



formed, the channel pattern including j a first channel into whxch 
the buffer agent is xn^ected, and a second channel having, in a 
Portion thereof, a quantification part that has a portion common 
to the first channel, and holds a predetermined amount of a 
biological sample, the biological sample being injected into the 
channel including the quantification pjart; fin ing the buffer 
agent in the first channel; fill ing tlf biological sample ^ 
second channel including the quantif iciatxon P art; leaving a 
predetermined amount of the biological sample in the 
quantification part of the second channel, and adding the 
Predetermined amount of the biological| sample to the buffer 
agent; and making the predetermined amount of the biological 
sample migrate in the buffer agent to discriminate the biological 
sample that migrates in the buffer age jit . 

Therefore, a discrimination result of the biological sample 
can be obtained by only adding the biological sample as a 
discrimination target and the buffer accent onto the plate, 
whereby complicated preparation works jre dispensed with, and an 
accurate discrimination result can be obtained. 

According to Claim 24 of the presU invention, the 
biological sample discrimination method 1 as defined in Claim 23 
composes: rotating, at a high speed, a| plate on which a channel 
pattern is formed, the channel pattern jincluding the first 
channel into which the buffer agent is Injected, the second 
channel including the quantification part into whxch the 
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biological sample is injected, and an ; air hole that is connected 
to a sample injection part for injecting the biological sample, 
thereby to make the buffer agent flow into the first channel by a 
centrifugal force to fill the first channel, and simultaneously, 
make the biological sample flow up to a first flow position that 
does not reach the quantification part in the second channel; 
pressurizing the sample injection part- of the second channel to 
make the biological sample in the second channel flow from a 
first flow position to a second flow position including the 
quantification part in the second channel; rotating the plate at 
a high speed to separate the biologica f sample in the second 
channel so that a predetermined amount of the biological sample 
remains in the quantification part of the second channel by a 
centrifugal force; setting the first channel at a constant 
temperature; and making the predetermined amount of the 
biologrcal sample stored in the quantification parr migrate in 
the buffer agent to discriminate the biological sample that 
migrates in the buffer agent. j 

Therefore, the process of fiiiingi the buffer agent into the 
channels can be realxzed by a centrifugal force, and the process 
of filling the biological sample can- bej realized by a difference 
in pressures generated in the channels,; and further, the 
quantitative addition process of adding! a predetermined amount of 
the biological sample into the buffer a^ent can be realized by 
the centrifugal force, whereby complicated preparation works are 



dispensed with, and an accurate discrimination result can be 
obtained in a short time, as described above. 

According to claim 25 of the present invention, the 
biological sample discrimination method as defined in Claim 23 

l 

comprises: rotating, at a high speed, 'a plate on which a channel 
pattern is formed, the channel pattern 1 including the first 
channel into which the buffer agent is injected, the second 
channel including the quantification pkrt into which the 
biological sample is injected, and an air hole that is connected 
to a sample injection part for injecting the biological sample, 
thereby to make the buffer agent flow into the first channel by a 
centrifugal force to fill the first chjmnel, and simultaneously, 
make the biological sample flow up to j first flow position that 
does not reach the quantification part ! in the second channel; 
pressurizing the sample injection part .of the second channel to 
make the biological sample in the second channel flow from a 
first flow position to a second flow position including the 
quantification part in the second channel; performing aspiration 
from the air hole of the second channel to separate the 
biological sample in the second channel so that a predetermined 
amount of the biological sample remain^ in the quantification 
part of the second channel; setting the first channel at a 
constant temperature; and making the predetermined amount of the 
biological sample stored in the quantification part migrate in 
the buffer agent to discriminate the biological sample that 
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migrates in the buffer agent. j 

i 

Therefore, the process of fillinJj the buffer agent into the 
channels can be realized by a centrifugal force, and the process 
of filling the biological sample into the channels and the 
quantitative addition process of adding a predetermined amount of 

i 

the biological sample into the buffer agent can be realized by a 
difference in pressures generated in the channels, thereby 
providing a biological sample discrimination apparatus that needs 
no complicated preparation works, and .ban obtain an accurate 
discrimination result in a short time.! 

According to Claim 26 of the presjent invention, there is 
provided a plate for performing discrimination of a biological 
sample, having a channel pattern comprising: a buffer agent 
injection part for injecting a buffer cfgent that reacts with the 
biological sample into the plate; a first channel connected to 
the buffer agent injection part; a sample injection part for 
injecting the biological sample into th|e plate; and a second 
channel connected to the sample injection part; wherein the 
second channel includes, in a portion thereof, a quantification 



of the biological sample 



part for holding a predetermined amount 
to be supplied to the first channel, and the first channel and 
the second channel being connected through the quantification 
part . 

Therefore, it is possible to provide a biological sample 
discrimination plate having a channel pattern in which a 



predetermined amount of the biologicalj sample can be added to the 
buffer agent in the quantification paxjt when the buffer agent and 
the biological sample are filled in thje first channel and the 
second channel, respectively. \ 

According to Claim 27 of the present invention, in the 

biological sample discrimination plate' as defined in Claim 2 6, 

the first channel and the second channel contact parallel to each 

other via the quantification part. ' 

Therefore, a predetermined amount of the biological sample 

can.be added into the buffer agent in f:he quantification part. 



ent invention, in the 
as defined in Claim 26, 



According to Claim 28 of the pres< 
biological sample discrimination plate 
first and second electrode insertion parts into which positive 
and negative electrode parts or a positive electrode and a 
negative electrode are inserted are provided in the first channel 

Therefore, a predetermined amount of. the biological sample 
added into the buffer agent cin perform electrophoresis 

in the buffer agent. 

According to Claim 29 of the pres^ 
biological sample discrimination plate 
the buffer agent injection parts .are ^jovided at the both ends of 
the first channel, and an air hole, connected to the sample 
injection part is provided in the second channel. 

Therefore, the buffer agent can be filled from the both ends 
of the first channel, whereby the buffer agent can be filled in a 



2nt invention, in the 
as defined in Claim 26, 



short time without including bubbles ijn the first channel. 

According to Claim 30 of the present invention, in the 
biological sample discrimination plate as defined in Claim 26, 
after the buffer agent is injected intfc, the buffer agent 
injection part and the biological sampfLe is injected into the 
sample injection part; in a first step' the buffer agent injected 
from the buffer agent injection part is filled in the first 
channel; in a second step, the biological sample injected from 
the sample injection part is filled in the second channel 
including the quantification part; in a third step, the 
biological sample in the second channel is separated to make a 
predetermined amount of the biological \ sample remain in the 
quantification part; and in a fourth st^ep, the remaining 
predetermined amount of the biological 
buffer agent in the first channel. 

Therefore, a predetermined amount of the biological sample 
can be added to the buffer agent in the| quantification part when 
the buffer agent and the biological sanjple are filled rn the 
first channel and the second channel, zjespectively, whereby 
complicated preparation works during discrimination of the 
biological sample can be dispensed withj. 

According to Claim 31 of the present invention, in the 
biological sample discrimination plate Ls defined in Claim 30, 
the first step is f illing the buffer ag ^ nt intQ fche f 

by pressurization, aspiration, or capillary phenomenon. 



sample migrates in the 
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Therefore, the buffer agent can lie filled in the first 
channel easily in a short time. 

According to Claim 32 of the present invention, in the 



as defined in Claim 30, 



biological sample discrimination plate 
the second step of filling the biological sample into the second 
channel including the quantification pirt by pressurization, 
aspiration, or capillary phenomenon. 



Therefore, the biological sample 
channel easily in a short time. 



can be filled in the second 



According to Claim 33 of the present invention, there is 
provided a biological sample discrimination plate for detecting a 
biological sample that migrates in a buffer agent to discriminate 

i 

the biological sample, and the plate has a channel pattern 
comprising: a first channel having a portion in which the buffer 
agent is injected, the first channel being filled with the buffer 
agent when the plate is rotated at a nil 
channel including, in a portion thereof, 
that has a portion common to the first 
predetermined amount of the biological 
sample being flowed up to a first flow position that does not 
reach the quantif ication part when the [.late is rotated at a high 

i 



gh speed; and a second 

a quantification part 
channel, and holds a 
sample, the biological 



in the second channel 



speed, and the biological sample stored 
being flowed from the first flow position to a second flow 
position including the quantification pUt when the elate is 
pressurized. 



i 
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Therefore, the biological sample jean be filled in the second 
channel after the buffer agent is filled in the first channel, 
whereby a predetermined amount of the biological sample can be 
reliably added into the buffer agent. 

According to Claim 34 of the present invention, in the 
biological sample discrimination plate! as defined in Claim 33, 
first and second electrode insertion parts into which a negative 
electrode and a positive electrode are; inserted are provided in a 
portion of the first channel. 

i 

Therefore, a predetermined amount; of the biological sample 
added into the buffer agent can be madi perform electrophoresis 

I 

in the buffer agent. 

According to Claim 35 of the presjent invention, in the 
biological sample discrimination plate'as defined in Claim 33, 
the first channel comprises a channel having a round shape 
comprising an inner circumference chanr.el positioned on an inner 
circumference side of an arc-shaped channel that extends in a 
circumference direction of a circle the center of which 
corresponds to the center of the biological sample discriminate 
Plate, an outer circumference channel positioned on an outer 
circumference side thereof,, and a. radiation channel that extends 
in a radiation direction from the. center of the circle, the 
radiation channel connecting both ends bf the inner circumference 
channel and the outer circumference channel; the second channel 
comprises the arc-shaped channel positioned between the inner 
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rcuraference channel, and a 
of the arc-shaped channel; 



circumference channel and the outer ci 
U-shaped channel provided in a portion 

and the quantification part comprises L portion of the outer 
circumference channel, and a portion of the U-shaped channel in 
the second channel, which portions conjtact in parallel to each 
other . 

Therefore, after the buffer agent! is easily filled in the 
first channel in a short time without including bubbles, the 
biological sample can be filled in the second channel without 
including bubbles, and further, the biological sample can be 
added into the buffer agent that is filed in the first channel in 
the quantification part. 

According to Claim 36 of the present invention, in the 
biological sample discrimination plate as defined in Claim 35, 
the buffer agent injection part in which the buffer agent is 
injected, which is connected to the fijst channel, is positioned 
on the inner circumference side of the i first channel. 



to the buffer ageni 



Therefore, the buffer agent added 
injection part can be reliably filled in the first channel in a 
short time by a centrifugal force. 

t 

According to Claim 37 of the pres 
biological sample discrimination plate 



ent invention, in the 
as defined in Claim 35, 



the sample injection part in which the -[biological sample is 
injected, which is connected to the seclond channel, is positioned 
on the xnner circumference side of the second channel. 



J* 
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Therefore, the biological sample : added to the sample 
injection part can be flowed into the Second channel by a 
centrifugal force without including bubbles in the second channel 

According to Claim 38 of the present invention, in the 



as defined in Claim 34, 



biological sample discrimination plate 

the first and second electrode insertion parts are provided in a 

portion of the radiation channel of th 3 first channel. 

Therefore, when the buffer agent is filled in the first 

channel, it is avoided that bubbles are included inside the first 

and second electrode insertion parts. 

According to Claim 39 of the present invention, in the 
biological sample discrimination plate ! as defined in Claim 35, a 
buffer agent injection part for injecting the buffer agent is 
provided approximately in the center oi the inner circumference 
channel of the first channel. ! 



s injected into the buffer 
is separated into two from 



Therefore, when the buffer agent 
agent injection part, the buffer agent 

the center of the inter circumference channel of the first 
channel toward the both ends thereof, whereby it is avoided that 
bubbles are xncluded in the first channel when the buffer agent 
is filled in the first channel 1 by a centrifugal force. 

According to claim 40 of the presjnt invention, in the 
biological sample discrimination plate jas defined in Claim 35, 
when \he buffer agent is filled in the Lrst channel, the buffer 
agent is filled in the outer circumference channel and the first 
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and second electrode insertion parts, jin the first channel. 

Therefore, the biological sample j added into the buffer agent 
that is filled in the first channel isj reliably made to perform 
electrophoresis, whereby an accurate discrimination result can be 
obtained. 

According to Claim 41 of the present invention, in the 
biological sample discrimination plate as defined in Claim 35, 
the arc-shaped channel in the inner circumference channel is 
positioned on an ellipse arc in which the channel slightly 
deviates to the outer circumference channel side from the 
circular arc. 

Therefore, when the buffer agent filled in the first 
channel by a centrifugal force, it is avoided that the flow of 
the buffer agent stops halfway or bubbles are included in the 
channel . 

According to Claim 42 of the present invention, in the 
biological sample discrimination plate as defined in Claim 35, 
the channel width of the inner circumference channel is wider 
than the channel width of the outer circumference channel. 

Therefore, the time from when the buffer agent is injected 
into the first channel to when the buff|er agent reaches the first 
and second electrode insertion parts cat: be shortened, whereby 
releasing of air existing in the channef can be promoted, and the 
time until the buffer agent is filled if the first channel can be 
shortened. i 



According to Claim 43 of the present invention, in the 
biological sample discrimination plate! as defined in Claim 35, 
the outer circumference channel has a Lnnel length adjustment 
Part for adjusting a difference between the length of a channel 
from the first electrode insertion pari: and the quantification 
part, and the length of a channel from! the second electrode 
insertion part to the quantification part. 

Therefore, the length from the fijrst electrode insertion 
Part and the quantif icat.on part and tje length from the second 
electrode insertion part to the quantification part can be 
approximately equal to each other, whereby it is avoided that 
bubbles are included in the outer circumference channel. 

According to Claim 44 of the present invention, in the 
biological sample discrimination plate as defined in Clai m 35, a 
sample injection part for injecting th< biological sample is ' 
Provxded at an end of the second channel, and a sa.ple pool for 
holding the biological sample injected from the sample injection 
Part when the biological sample is filljed in the second channel 
13 Pr ° vided ^ the other end of the second channel. 

Therefore, the biological;; sample « an be . reliably fllled ±n 
the second channel by generating, a' pressure difference in the 

second channel . • ! ■ ' 

.. 

According to claim 45 of the present invention, in the 
biological sa mpl e discrimination piate U defined in Ciai m 2 e or 
34- a heater for heating the first channei and a thermistor for 
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measuring the temperature of the firsJ channel are provided above 
the first channel, and a positive elecjtrode and a negative 
electrode are provided in the first anjd second electrode 
insertion parts, respectively. 

Therefore, the temperature of the first channel can be 
easily adjusted, whereby more accurate discrimination result can 
be obtained, and furthermore, a biological sample discrimination 
apparatus in which the plate is loaded! can be made more compact 
and lightweight. 

According to Claim 4 6 of the preJent invention, in the 
biological sample discrimination platejas defined in Claim 28 or 
34, the first and second electrode insertion parts have air holes. 

Therefore, air release can be carried out from the air holes 
provided at the first and second electrode insertion parts, 
whereby it is avoided that bubbles are included in the outer 
circumference channel when the buffer agent is filled in the 

channel by a centrifugal force. j ■ 

i 

According to Claim 47 of the present invention, in the 
biological sample discrimination plate 
the sample pool has an air hole.. 

Therefore, air release can be car±led out from the air hole 
provided at the sample pool, whereby it 



as defined in Claim 4 4, 



are included in the outer circumference 
agent is filled in the channel by a cen 



trifugal force. 



According to Claim 48 of the present invention, in the 



is avoided that bubbles 
channel when the buffer 
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i 



biological sample discrimination plate! as defined in Claim 26 or 
33, the biological sample is a DNA sample, and the buffer agent 
contains a DNA conjugate for separation comprising a linear 
polymer to which a base sequence that jLs hydrogen-bondable to a 
target DNA as a detection target included in the DNA sample is 
bonded, a DNA bonding control agent, a id a pH buffer agent. 

Therefore, presence/absence of SFPs in the DNA sample as a 
discrimination target can be discriminated in the biological 
sample discrimination plate. 

According to Claim 49 of the present invention, in the 
biological sample discrimination plate i as defined in Claim 28 or 
34, electrode insertion ports into whijh the positive electrode 
and the negative electrode are inserted are provided at the first 
and second electrode insertion parts, and cover films are put on 
the electrode insertion parts. 

Therefore, it is possible to prevent the buffer agent from 
flowing over the electrode insertion holes e.en when the 
biological sample discrimination plate is rotated at a high speed. 

According to Claim 50 of the presint invention, in the 
biological sample discrimination plate Jas defined in Claim 26 or 
33, a plurality of the channel patterns!, are formed on the 
biological sample discrimination plate.! 

Therefore, a lot of detection results can be obtained with a 
single-time operation of the biological 
apparatus . 



sample discrimination 
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According to Claim 51 of the present invention, in the 
biological sample discrimination plate! as defined in Claim 28 or 
34, a cleaning region for cleaning thJ positive electrode and the 
negative electrode are provided on the biological sample 

i 

discrimination plate, and the positivej electrode and the negative 
electrode are cleaned in the cleaning [region, and thereafter, the 
positive electrode and the negative electrode are inserted in the 
first channel . • 

Therefore, foreign objects such Js dust which are attached 
to the positive and negative electrodes can be rinsed away before 
measurement is started, whereby more accurate discrimination 

result can be obtained in the apparatus. 

i 

According to Claim 52 of the present invention, in the 
biological sample discrimination plate as defined in Claim 28 or 
34, the buffer agent injection parts are provided at both ends of 
the first channel, and the buffer agent injection parts are used 
also as the electrode parts or the electrode insertion parts. 

Therefore, the shape of the channel pattern can be 
simplified, and the entire shape of onej channel pattern can be 
made compact, whereby a plurality of channel patterns can be 
formed on the plate. 

According to claim 53 of the present invention, in the 
biological sample discrimination plate fa defined in Claim 26 or 
33, the first channel and the second channel are formed by 
grooves that are formed on the plate surface, and a film that 
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covers the plajte surface. 

Therefore, hermetically-sealed channels can be produced with 
simple constructions, whereby the channel patterns can be easily 
formed on the plate. 

According to Claim 54 of the present invention, in the 
biological sample discrimination plate! as defined in Claim 26 or 
33, the first channel and the second channel are formed on the 
same surface of the plate. 

Therefore, the channel patterns dan be easily formed on the 

plate. 

According to Claim 55 of the present invention, in the 
biological sample discrimination plate! as defined in Claim 26 or 
33, the first channel and the second channel are formed on 

i 

different surfaces of the plate. '■ 

Therefore, the buffer agent injecjtion port and the sample 
injection port can be formed on different planes, whereby it is 
avoided that different solutions are injected to the Injection 
ports by mistake. 

EFFECTS OF THE INVENTION j 

According to the present inyent.ioi;, a biological sample 
discrimination apparatus is provided wi|th a plate on which a 
channel pattern is formed, the- channel pattern comprising a first 
channel into which a buffer agent is injjected, and a second 
channel having, in a portion thereof, a! quantification part that 
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channel to add the 
sample to the buffer agent, 
ie predetermined amount of 



has a portion common to the first channel, and holds a 
predetermined amount of a biological Sample, the biological 
sample being injected into the channel including the 
quantification part, and furthermore, jthe apparatus is provided 
with a filling unit for filling the bujffer agent into the first 
channel of the plate while filling the' biological sample into the 
second channel including the quantification part, and thereafter, 

making a predetermined amount of the bkological sample remain in 

the quantification part of the second 

predetermined amount of the biological 

and a discrimination unit for making t 

the biological sample that is held in fhe quantxf xcation part 
migrate in the buffer agent to discriminate the biological sample 
that migrates in the buffer agent. Therefore, it is possible to 
provide a biologxcal sample discrimination apparatus that needs 
no complicated preparation works when performing discrimination 
of the biological sample, and can obtain an accurate 
discrimination result in a short time 

Further, according to the biologi 
apparatus of the present invention, the 

in a lower part of the apparatus, and the discrimination unit is 
disposed in the upper part of the apparatus, and further, an 
elevation stage for moving the plate bejtween the filling unit and 
the discrimination unit is provided- Therefore, the biological 
sample discrimination apparatus can be made compact and 



^:al sample discrimination 
filling unit is disposed 
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sample can be measured to 



lightweight. 

Furthermore, the filling unit is [provided with a motor for 
rotating the plate at a high speed, and the discrimination unit 
is provided with a pressure operation Uit for generating a 
pressure difference in the second channel. Therefore, the buffer 
agent and the biological sample can bej reliably filled in the 
first channel and the second channel, respectively, and a 
predetermined amount of the biological 
add it into the buffer agent. ! 

Moreover, since the discrimination unit is provided with a 
positive electrode and a negative electrode, a predetermined 
amount of the biological sample added into the buffer agent can 
be transferred by electrophoresis. i 

Further, an optical detection unilt for detecting a 
fluorescence or an absorbance is provided, and the first channel 
is scanned to detect the migration state of the biological sample 
that migrates in the buffer agent, thereby to discriminate the 
biological sample. Therefore, an accurate discrimination result 
can be obtained easily in a short time. 

A biological sample discrimination method according to the 
present invention employs a plate having a first channel into 
which the buffer agent is injected, and a second channel having, 
in a portion thereof, a quantification jpart that has a portion 
common to the first channel, and holds j» predetermined amount of 
a biological sample, the biological samjple being injected into 
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icated preparation works 
of the biological sample 



the channel including the quantification part, and fills the 
buffer agent in the first channel and the biological sample in 
the second channel, and then quantified a predetermined amount of 
the biological sample to add the sample into the buffer agent, 
and thereafter, discriminates the biological sample that migrates 
in the buffer agent. Therefore, compl: 
are dispensed with, and discrimination 
can be carried out accurately in a short time. 

Further, according to a biologica|l sample discrimination 

i 

Plate of the present invention, a channel pattern formed on the 

plate includes a first channel in which the buffer agent is 

injected into a portion thereof, and the buffer agent is filled 

therein when the biological sample discrimination plate is 

rotated at a high speed, and a second channel having a portion 

common to the first channel, in which the biological sample is 

injected into a portion thereof, and the biological sample is 

distributed by centrif ugation when the biological sample 

discrimination plate is rotated at a high speed, and the 

biological sample is filled therein whejn the plate is pressurized. 

Therefore, the biological sample discrimination apparatus can be 

made compact, lightweight, and inexpensive, and further 

i 

complicated preparation works are dispensed with, and 
discrimination of the biological sample, 1 can be carried out 
accurately in a short time. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a diagram illustrating an construction of a 
biological sample discrimination apparatus according to a first 
embodiment of the present invention. 

Figure 2(a) is a detail view illustrating an example of a 
construction of a cooling fan and its jvicinity in the biological 
sample discrimination apparatus according to the first embodiment 
of the present invention. 

Figure 2(b) is a detail view illustrating another example of 
a construction of a cooling fan and its vicinity in the 
biological sample discrimination apparatus according to the first 
embodiment of the present invention. j 

Figure 3(a) is a diagram illustrating an upper surface of a 
plate according to the first embodiment of the present invention. 

Figure 3(b) is a diagram illustrating a lower surface of the 
Plate according to the first embodimenj of the present invention. 

Figure 3(c) is a A-A cross-sectional view of the plate 
according to the first embodiment of the present invention. 

Figure 4 is a diagram illustrating a pattern formed on the 
Plate according to the first embodiment! of the present invention 
Figure 5 is a flowchart, illustrating a series of operations 
of the biological sample discrimination" apparatus according to 
the first embodiment of the present indention. 

Figure 6(a) is a diagram at a point in time when a sample is 
injected into the pattern formed on the plate according to the 
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first embodiment of the present invention. 

Figure 6(b) is a diagram at a point in time when a conjugate 
filling process is performed to the palttern formed on the plate 
according to the first embodiment of the present invention. 

Figure 6(c) is a diagram after the conjugate filling process 
that is performed to the pattern forme|d on the plate according to 
the first embodiment of the present invention. 



pressurization process is 



predeteriained amount 
attern formed on the plate 
ie present invention. 



Figure 6(d) is a diagram after a 
performed to the pattern formed on the plate according to the 
first embodiment of the present invention. 

Figure 6(e) is a diagram after a 
addition process is performed to the p 
according to the first embodiment of t 

Figure 7(a) is a diagram illustrating a first-level position 
of an elevation stage of the biological sample discrimination 
apparatus according to the first embodiment of the present 
invention . 

Figure 7(b) is a diagram illustrating the state where the 
elevation stage is moving from the firjt-level position to the 

i 

second-level position, in the biological sample discrimination 

I 

apparatus according to the first embodiment of the present 

invention. j 

i 

Fxgure 7(c) is a diagram illustrating . the state where the 

i • 

elevation stage is moving from the fir^t-level position to the 
second-level positron, in the biological sample discrimination 
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apparatus according to the first embodiment of the present 
invention . 

Figure 7(d) is a diagram illustrating the second-level 
position of the elevation stage of the biological sample 
discrimination apparatus according to the first embodiment of the 
present invention. ; 

Figure 8 is a diagram illustrating a signal from a plate 
fitting position detection sensor of die biological sample 
discrimination apparatus according to the first embodiment of the 
present invention. 

Figure 9 is a diagram illustrating characteristics of the 
pattern formed on the plate according to the first embodiment of 
the present invention. 

Figure 10(a) is a diagram illustrating an example of a 
positional relation between a thermistojr and a heater in the 
biological sample discrimination apparatus according to the first 
embodiment of the present invention. j 

Figure 10(b) is a diagram illustrating another example of a 
positional relation between the thermistor and the heater in the 
biological sample discrimination apparatus according to the first 
embodiment of the present invention. | 

Figure 11 is a diagram illustrating the state where a DMA 
sample is filled in a second ch^el':tojrmed. oh the plate 
according to the first embodiment'- of thf present invention, and 

the DNA sample migrates in a DNA conjugate solution that is 

i 
i 



filled in a first channel. 

Figure 12 is a diagram illustrating a result of measurement 



e biological sample 



of an absorbance of a DNA sample in th 1 . 

discrimination apparatus according to jthe first embodiment of the 
present invention. 



Figure 13 is a diagram for explaining the principle of the 
biological sample discrimination apparatus according to the firsl 
embodiment of the present invention. ' 

Figure 14 is a diagram illustrating the case where four 
patterns are formed on a lower surface! of the plate according to 
the first embodiment of the present indention. 

Figure 15 is a diagram illustrating a construction of a 
biological sample discrimination apparatus according to a second 
embodiment of the present invention. 

Figure 16 is a cross-sectional v^ew of a plate according to 

i 

the second embodiment of the present invention. 

Figure 17 is a diagram illustrating another construction of 
the biological sample discrimination apparatus according to the 

second embodiment of the present invention 

I 

Figure 18 is a cross-sectional vi |e w illustrating another 
construction of the plate according to [the second embodiment of 

! 

the present invention. j '•' 

Figure 19 is a cross-sectional viiw illustrating an example 
of a plate according to a third embodiment of the present 
invention. 
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Figure 20 is a cross-sectional vfew illustrating another 
example of a plate according to the thjird embodiment of the 
present invention. 

Figure 21 is a diagram illustrating a portion of the 
construction of the biological sample discrimination apparatus 
according to the third embodiment of the present invention. 

Figure 22(a) is a diagram illustrating an example of a 
construction of an optical detection unit included in a 
biological sample discrimination apparatus according to a fourth 
embodiment of the present invention. 

Figure 22(b) is a diagram illustrating another example of 
the construction of the optical detection unit included in the 
biological sample discrimination apparatus according to the 
fourth embodiment of the present invention. 

Figure 22(c) is a diagram illustrating another example of 
the construction of the optical detection unit included in the 
biological sample discrimination apparatus according to the 
fourth embodiment of the present invention- 

Figure 23 (a) is a diagram illustrating a sample injection 
surface of a biological sample discrimination plate according to 
a fifth embodiment of the present invention, 

Figure 23(b) is a diagram illustrating a channel formation 
surface of the biological sample discrimination plate according 



to the fifth embodiment of the present 



Figure 24 is a diagram illustrating an example of a pattern 



invention. 
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formed on the biological sample discrimination plate according to 
the fifth embodiment of the present invention. 

DESCRIPTION OF REFERENCE NUMERALS 

i 

: 

10 ... plate 

10a ... aperture j 

! 
i 

11 ... fitting pin hole 

12 ... positioning mark ! 

13 ... plate recognition mark : 

! 

i 

14 ... capillary seal i 

15 ... cover film j 

16 ... cleaning region ' 

20 ... filling unit 

! 

21 ... high-speed rotation motor ! 

i 

21a ... plate receiving part ! 

j 

22 ... plate holding part ' 

I 

23 ... plate recognition sensor i 

24 ... pressurization part ! ' 

30 ... discrimination unit ! 

i 

31 ... fitting pin | 
32a, 32b ... electrodes 

33 ... heater j 

34, 142 ... thermistors ! ' 

• i 
| 

35 ... positioning mark detection sensor 

i 

36 ... clamper ! 
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37 
38 
40 
41 



ceiling plate 
low-speed rotation motor 
optical detection unit 
height adjustment unit 
41a ... micrometer 
41b ... voice coil motor 

piezoelectric element 
.. distance measurement unit 
. elevation stage 
. vertical drive motor 
. pressurization pump 
pump tube 

inner temperature detection Sensor 
heater temperature detection; sensor 
casing 
door 

power supply switch 
LED 

cooling fan 
65a, 65b ... rubber legs 

66 ... high-voltage power supply 

67 ... device power supply . 

68 ... control substrate 
69a ... baffle plate 
69b ... filter 



41c 
42 .. 

50 .. 

51 ... 

52 ... 

53 ... 

54 ... 

55 ... 

60 ... 

61 ... 

62 ... 
63 
64 



I 
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100,200,300 ... biological sample discrimination apparatuses 

110 ... channel pattern j 

111 ... first electrode insertion) part 

112 ... second electrode insertion 'part 

113 ... buffer agent injection part; ' 

114 ... sample injection part 

115 ... sample pool 

116 ... first channel : 
116a ... inner circumference channel 
116b ... outer circumference channel 

117 ... second channel ; 
117a ... quantification part ! 

118 ... first electrode standby hol-e 

119 ... second electrode standby ho;le 

121,122 ... electrode insertion porits 

! 

123,124 ... injection ports ! 

i 

131, 132, 135 ... air holes ; 
136 ... pressurization standby hole! 
141 ... heater electrode thin film j 
143a ... first electrode j 

i 

143b ... second electrode I • 

232a, 232b ... electrode contact pin? 

233 ... heater contact pin . \ 

i 

234 ... thermistor contact pin" i 
301 ... electrode cleaning bath 



49 



A ... sample quantification part 

B ... halfway channel from first electrode insertion part to 
quantification part A I 

C ... electrophoresis region ' 
R ... corner 

BEST MODE TO EXECUTE THE INVENTION 
(Embodiment 1) j 

Hereinafter, a biological sample .'discrimination apparatus 
according to a first embodiment of the j present invention will be 
described with reference to figures 1~|14. 

The present invention realizes miniaturization, weight 
saving, and cost reduction of a biologjcal sample discrimination 
apparatus in which a biological sample |is transferred in a buffer- 
agent to carry out biological, enzymatical, immunological, and 
chemical assay. ' 

In this first embodiment, in ordejr to specify the 
description, it is assumed that the biqlogical sample is a. DNA 
sample, and the buffer agent is. a DNA conjugate solution which is 
obtained by adding a DNA bonding control agent such as MgCl 2 and a 
PH buffer agent that also serves as an (electrolyte into a DNA 
conjugate for separation. The biological sample discrimination 
apparatus adds a predetermined quanti : ty| of . the DNA sample into 
the DNA conjugate solution to make the Sample perform 
electrophoresis, and discriminates presjence/absence of SNPs 
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(Single Nucleotide Polymorphism) in thp DNA sample. 

Figure 1 is a block diagram illustrating the biological 
sample discrimination apparatus according to the first embodiment. 

With reference to figure 1, the biological sample 
discrimination apparatus 100 i s provided with a filling unit 20 
for filling the DNA conjugate solution! in channels formed on a 
plate 10, and adding a predetermined amount of the DNA sample in 
the channels which are filled with thejoNA conjugate solution; a 
discrimination unit 30 for performing pressurization, heating, 
and voltage application onto the plate : 10 to make the DNA sample 
perform electrophoresis in the DNA conjugate solution, thereby 
discriminating presence/absence of SNP 5 ; an elevation stage 50 
for vertically drivmg the plate by a vertical drive motor 51; 
and a control substrate 68 for controlling the operation of the 

1 

apparatus 100. ! 

i 

Further, in the apparatus 100, the elevation stage 50 is 
disposed at the bottom of the apparatus' and the filling unit 20 
is disposed on the elevation stage 50, and further, the 
discrimination unit 30 is disposed above the elevation stage 50, 
whereby the construction of the apparatus is compacted. 

Hereinafter, the specific constructions of the respective 

i 

units will be described. i 

i. .• 

The filling unit 20 is provided with a high-speed rotation 
motor 21 for rotating the plate 10 at A j high speed; a plate 
holder 22 for holding the plate 10, whith has a portion fixed in 
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this apparatus 100, and moves from insllde to outside or from 
outside to inside of apparatus 100 through a door 61 provided on 
a casing 60; a plate recognition sensor 23 for recognition 
presence/absence of the plate before smarting measurement; and a 
pressurization unit 24 for pressurizing the channels to make a 
difference in pressures in the channels. 

i 

The discrimination unit 30 is provided with a fitting pin 

231 for fixing the plate 10 to the determination unit 30; 

I 

positive and negative electrodes 32a afd 32b for applying voltage 
to the channels formed on the plate 10; a heater 33 for keeping 
the channels at a constant temperature; a positioning mark 
detection sensor 35 for performing positioning when the plate 10 
is fixed to the discrimination unit 30;j a clamper 36 for holding 
the plate 10; a thermistor 34 for detecting the temperature of 
the channels formed on the plate 10; and a low-speed rotation 
motor 38 for rotating the plate at a ldw speed. 

In the apparatus 100 according to] the first embodiment, in 
order to make the configuration of the japparatus compact, the 
pressurization unit 24 which is a constituent of the filling unit 
20 as well as the constituents of the discrimination unit 30 are 
disposed on a sealing plate 37 disposed above the apparatus. 

i 

Further, the fitting pin 31, the positive and negative 
electrodes 32a and 32b, the heater 33, fche thermistor 34, the 

i 

clamper 36, and the pressurization part' 24, which are disposed on 
the sealing plate 37, are provided with springs for giving an 
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appropriate tension to the plate 10, and these elements are 
pressed against the plate 10 by the springs. 

Further, the apparatus 100 of th£ first embodiment is 
provided with an optical detector 40 fjor detecting fluorescence 
or absorbance of the DNA sample that migrates in the DNA 
conjugate solution to discriminate thei DNA sample that migrates 
in the DNA conjugate solution. The migration state of the DNA 
sample in the DNA conjugate is determined from the detection 
result of the optical detector 40, and! presence/absence of SNPs 
in the DNA sample is discriminated on i:he basis of the 
determination result. in this first embodiment, the optioal 
detector 40 is disposed on the elevation stage 50. 

Further, the heater 33 is provided with a heater temperature 
detection sensor 55 for detecting the temperature of the heater 
33, and an intra-apparatus temperature j detection sensor 54 for 
detecting the temperature in the apparatus is provided in the 
apparatus 100. j 

Furthermore, the biological sample discrimination apparatus 
100 is provided with an in tra^ apparatus; temperature detection 
sensor 54 for detecting the temperature; in the apparatus, an a 
pressurization pump 52 connected to the' pressurization part 24 
through a pump tube 53, a high-voltage lower supply 66, and an 
apparatus power supply 67. The casing Uo of the apparatus 100 is 
provided with a power supply switch 62 jfor controlling on/off of 
the apparatus 100, an LED 63 which is tprned on when the power 



53 



supply switch 62 is in the 0 N state, a cooling fan 64 for cooling 
the inside of the apparatus 100, and aj height-adjustable rubber 
legs 65a and 65b for protecting the apparatus 100 from vibration. 

The cooling fan 64 provided on the apparatus 100 performs 
cooling by taking the outer air into the apparatus 100 or 
releasing the heated air in the apparatus 100 to the outside, 
however, since the biological sample discrimination apparatus 100 
is for detecting the intensity of lighj: on the plate by the 
optical detector 40 to obtain the detection result, invasion of 
light into the apparatus 100 must be avoided. So, in this first 
embodiment, the cooling fan 64 is provided with a light shielding 
part which is penetrable to air but impenetrable to light. 

Figure 2 is a cross-sectional vieW illustrating an example 
of the light shielding part. As a firit example of the light 
shielding part, a crank-shaped or L-sh4ped baffle plate 69a that 
is impermeable to light but sufficiently permeable to air as 
shown in figure 2(a) may be disposed atj the inner side of the 
casing 60 to which the cooling fan 64 \ s attached. As a second 
example, a filter 69b that is impermeable to light but permeable 
to air as shown in figure 2 (b, may be disposed at the inner side 
of the casing 60 to which the cooling fU 64 is attached. As a 
material of the filter 69b, there is proposed a material of a 
porous structure which is obtained by laminating plural porous 
films or by connecting minute pores vdt|i connection tubes. 
Next, the plate 10 will be described. 



< 
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Figure 3(a) shows an upper surface of the plate according to 
the first embodiment, figure 3(b) shows a lower surface of the 
Plate, f igure 3(c) is a A.-A cross section of the plate, and . 

figure 4 shows a specif ir <?hano ' ^ 

P nt shape of a Pattern formed on the plate. 

As shown in figure 3(a), the plate 10 of the first 
embodiment has, in its center, an opening 10a to be used for 
connecting the plate 10 with . motor or the ^ ^ 
the plate 10, and a fitting pin hole U in whrch a fitting point 
31 disposed on the sealing plate 37 of i the biological sample 
discrimination apparatus 100 shown i„ t igure x ls Co be inserted 
As shown in figure 3,b,, a channel pattern 110 for migrating the 
ON, sample in the DNA conjugate solution, and a plate recognition 
mar. 13 to be detected by the plate recognition sensor 23 are 
provided on the lower surface of the pjate 10. Further, as sown 
" fi9Ur<3 3,a '' a Portioning mart 12 t|o be detected by the 
Positioning mar, detection sensor 35, ^nlets 12 3 and l2 « through 
which the DNfl conjugate solution and the DNA sample as an analyte 
are injected, efectrode insertion ports;' 1 21 and 122 in which the 
respective electrodes 32a and 32b are i,„ 5e rted, and air holes 13!, 
132, and 135 are provided on the. upper 
Further, as shown in figure 3(c), 
adhered to the lower surface of the P uL 10 so as\o seal the 
Channei pattern 110 formed on the plate, 10, and a cover film 15 
is adhered to the upper surface of the kate !0 so as to seal 
only the electrode insertion ports. Th|e capillary sea! 14 is 



surface of the plate 10. 
a . capillary seal 14 is 
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desired to be transparent because it jjs necessary to measure the 
absorbance or fluorescence of the DMA .conjugate solution in the 
channels by the optical detector 40. 

Hereinafter, the plate will be described in detail with 
reference to figure 4. 

The channel pattern 110 comprises a first channel 116 which 
is filled with the DNA conjugate solution, and a second channel 
117 which is filled with the DNA sample. The first channel 116 
has a round shape comprising an inner circumference channel 116a 
which is a channel disposed on the inner circumference side of 
the plate, and an outer circumference [channel 116b which is 
disposed a channel on the outer circumference side of the plate. 
More specifically, the channel pattern 110 comprises a buffer 
agent injection part 113 in which the DNA conjugate solution for 
separating the DNA sample is in D ected, | whrch is positioned on the 
inner side of the plate 10 than the inner circumference channel 
H6a; a sample injection part 114 in which the DNA sample is 
injected, which is positioned on the inner side of the plate 10 
than the second channel 117; a sample fool 115 to which the DNA 
sample injected into the sample injectjoa part 114 migrates 
through the second channel; a first electrode insertion part 111 
for- inserting a negative electrode, anj a second electrode 
insertion part 112 for inserting a positive electrode. The inner 
circumference channel 116a of the firs! channel 116 connects fche 
buffer agent injection part 113 and the first electrode insertion 



56 



part 111, and connects the buffer agent injection part 113 and 
the second electrode insertion part 112, while the outer 
circumference channel 116b connected t.he first electrode 
insertion part 111 and the second electrode insertion part 112. 
The second channel 117 connects the seicond electrode insertion 
part 112 and the sample pool 115, and includes, in a portion 
thereof, a quantification part 117a fojr holding a predetermined 
amount of DNA sample to be added to thle DNA conjugate solution 
that is filled in the first channel 116, which quantification 
part 117a is common to a portion of the first channel 116. In 
the above-mentioned biological sample discrimination apparatus 
100, when discriminating presence/absepce of SNPs in the DNA 
sample, the absorbance or fluorescence;' of the electrophoresis 
channel which is a portion of the external circumference channel 
116b is measured by the optical detection part 40 thereby 
discriminating presence/absence of SNPjs in the quantitatively 
added DNA sample. \ 

When detecting the fluorescence cjf the electrophoresis 
channel by the optical detection unit f0, since the fluorescence 
detection efficiency is low if the electrophoresis channel is too 
deep, it is desired that the width of j:he channel is broad and 
the depth thereof is shallow. For example/ a channel that is 300 
um wide and 50 M m deep may be adopted.!. On the other hand, when 
detecting the absorbance of the electrophoresis channel by the 
optical detection unit 40, since the absorbance is difficult to 
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detect if the electrophoresis channel lis too shallow, the channel 
is desired to be adequately deep. For example, a channel that is 
300Mm wide and 30 0/ zm deep may be adopted. However, considering 
the separation ability of electrophoresis, the width of the 
channel is desired to be narrow. 

Further, in the channel pattern 110, first and second 
electrode standby holes 118 and 119 for keeping the electrodes 
32a and 32b on standby when measurement is not carried out are 
provided concentrically with the first and second electrode 
insertion parts 111 and 112, respectively. Further, a 
pressurization standby hole 136 for keeping the pressurization 
part 24 on standby when pressurization by the pressurization part 
24 is not carried out is provided concentrically with the sample 
inlet 114. Further, the first and second electrode insertion 
parts 111 and 112 are provided with electrode insertion ports 121 
and 122 in which the negative electrod^ 32a and the positive 
electrode 32b are respectively inserted and air holes 131 and 
132. The buffer agent injection part 113 and the sample 
injection part 114 are provided with ir.jection ports 123 and 124, 
respectively, and the sample pool 115 is provided with an air 
hole 135. 



i 

He: 



areinafter, a description will b j> given of specific 
operation and performance of the biologjical sample discrimination 
apparatus until presence/absence of SNRs (Single Nucleotide 
Polymorphism) in the DMA sample is discriminated. 
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Figure 5 is a flowchart illustrating a series of operations 
of the biological sample discrimination apparatus according to 
the first embodiment. j 



(Step SI) Initially, a DNA sample as an analyte and a DMA 
conjugate solution are prepared. Then, as shown in figure 6(a), 
by a manual operation usmg a syringe,! the DNA conjugate solutxon 
Dc is injected from the injection port 123 into the buffer agent 
injection part 113 of the channel pattern 110 formed on the plate 
10, and simultaneously, the DNA samplers is injected from the 
injection port 124 into the sample injection part 114. 

Fundamentally, DNA has a duplex-strand helical structure. 
In this first embodiment, however, single-strand DNA having a 
base length of about 60 bases including SNPs to be discriminated 
is prepared. Since the methods of extraction and denaturatxon of 
DNA are not directly related to the present invention, specific 
description thereof will be omitted. 

i 

The DNA conjugate solution is, as; mentioned above, a 
substance including the DNA conjugate L separation, the P H 
buffer agent also, serving as electrolyte, and the DNA bonding 
control agent such as MgCl,. ■ 

The DNA conjugate for separation is obtained by covalently 
bonding a high-molecular linear polynerj to a 5' end of single- 
strand DNA having a base length of 6~lt bases. The single- 
strand DNA includes a sequence that is jcottplemental to the norma! 
type of DNA including SNPs to be discriminated, but it includes a 
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sequence that is not complement! to |he mutant type DMA. That 
is, the DMA conjugate solution is characterized by that its 
bonding force to the nomal DNA . s 3tBQng whue us ^ 

to the mutant DNA is weak. Further, the DNA conjugate solution 
is characterized by that, when electrophoresis is carried out, 
the electrophoresis speed is considerably low because the linear 
polymer bonded to the 5' end acts as al weight. 

Hereinafter, a description will be glven of an exampl£ Qf ^ 
specific method for producing the DNA conjugate solution to be 
injected into the buffer agent injectibn part 113. 

A DNA conjugate for separation is produced as follows, 
initially, 5- end of DNA having a base 1 sequence that is 
complementary to a base sequence of a DNA sample is aminated 
(usually, anunated through hexyl) , and! a sterilized ultrapure 
water is added to dilute the aminated fan to 2.6mM. Next, Mosu 
(methacryloyloxysuccinimide) is diluted with DMSO 
(demethylsuloxide) to 71.366*. Thus jbtalned aminated DNA and 
«OSU are mixed and adjusted to a ratio of USO. Thereafter, a 
solution that is adjusted by sodium hydrogen carbonate and sodl um 
bydrox.de to PH9 is added as a pH adjust m ent agent to the above- 
mentioned adjusted solution by.an a„„,t equal to the amount of 
the a„unated DNA. The solution obtained as mentioned above is 
shaken overnight, and then vinyl DNA i|the shaken solutton is 
separated from the aminated DNA, the Moisu, and others, by using 
HPLC (High Performance Liquid Chromatography, . Since the vinyl 
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DNA contains an elating solution (TEAA; a mixture of 
trrethyiamine-acetic acid and acetoni t^ile) , it is subjected to 
vacuum concentration by a centrifugal Evaporator having a vacuum 
drying function. Next, 108 of AAM (acjrylamide! as a 
Polymerization solution is subjected to nitrogen substitution by 
53„mol. further, 1.34% of TEMD <N,N. N ., N .- tetramethylethylene 
diamine) as a polymerization start agent is diluted with a 
sterilized ultrapure water that is deafrated by supersonic. Then, 
1.34% of APS (ammonium persulfate) as 4 polymerization start 
agent is also diluted with the sterilized ultrapure water that rs 
deaerated by supersonic. Then, in order to synthesize 100„1 of 
DNA conjugate for separation, 34„1 of the AAM, s„l of the TEMD, 
and 5„1 of the APS are added so that the vinyl DNA becomes 0 0,% 
mol-0.05% mol with respect to the AAM, and the sterilrzed 
ultrapure water is added to be 100, !. j Thus obtained solutiQp ^ 
left for about 60 minutes, whereby an acrylamidated DNA conjugate 
for separate is obtazned. Then, a P H buffer agent and a DNA 
bonding contro! agent are added to thus obtained DNA conjugate 
for separation, thereby to produce a DN A conjugate solution. 

After the DNA sample or the DNA conjugate solution is 
prepared as mentioned above, predetermined amounts of DMA samo,e 
and DNA conjugate solution are dispensep- into the DNA inject- on 
part 124 and the buffer agent injection! part 123 of the plate 10 
by usxng a pipeter or the llxe, respectively. Although the 
amount of dispensation depends on the spare of the pattern, the 



ating an operation button 
10 into which the DNA 



amount of the DNA conjugate solution is 18 microliters, and the 

amount of the DNA sample is 2 microliters. 

(Step S2J After the DNA conjugate solution or the DNA 
sample rs injected from the respective^ injection ports of the 
Plate 10 in Step si, the power supply jswitch 62 of the apparatus 
100 is turned ON, and a plate holder 22 is pulled out of the 
casing 2 60 through the door 61 by opera 
or the like (not shown), and the plate 

conjugate solution Dc and the DNA sampjle Ds are injected is set 
on the plat . holder 22 . Thereaffcer/ ^ plate hQider ^ . s 

into the casing 60 by operating the operation button again. Thus, 
Plate loading ia completed. When the Uate holder 22 is drawn in 
the casing 60 by the operation of Stepjs2, the plate 10 is 
automatically set in a position where ke opening 10a is fitted 
to the plate receiving part 21a of the j high-speed rotation motor 
21. It is assumed that the positxon of the elevation stage 50 in 
this state is the lowermost point. j 

(Step S3, Simultaneously with thje above-mentioned loading 
of the plate 10 into the biological sample discrxminat 1 on 
apparatus 100, the eievatron stage 50 gLs up from the lowermost 
Point to the first-level position wherj the plate 10 is held by 
the clamper 36, by the vertical drive motor 51. At this time , 
the optical detector 40, the high-speed; rotation motor 21, the 
Plate recognition sensor 23, and the plate 10 that is fitted in 
the plate receiving part 21a of the higL-speed rotation motor 21 



also move up with the elevation stage k while the plate holder 
22 does not move because it is fixed tf> the apparatus. Thereby, 
the plate 10 can be fixed to the motor- or the like in the 
apparatus with the gravity center of the plate in the center. 

Figure 7(a) shows the state where] the elevation stage 50 of 
the biological sample discrimination apparatus of the first 
embodiment goes up to the first-level position. 

Hereinafter, the operation until :the plate 10 is held by the 
clamper 36 will be described in detail! Initially, 
simultaneously with loading of the plaje 10 in the biological 
sample discrimination apparatus 100, tie elevation stage 50 
starts to go up from the lowermost point by the vertical drive 
motor 51, and the opening 10a of the pJate 10 is fitted to the 
Plate receiving part 21a of the high-sjjeed rotation motor 21 as 
shown in figure 1. Thereafter, the elevation stage 50 further 
goes up, and the plate 10 goes up togetjher with the high-speed 
rotation motor 21. when the elevation jstage 50 reaches a certain 
position, a magnet disposed on the lowejr surface of the clamper 
36 that is positioned above the plate ijo is connected to the 
Plate receiving part 21a of the high-spjeed rotation motor 21, 
which is formed of a metal, whereby the) plate 10 is held by the 
clamper 36. When the plate 10 is thus Connected to the plate 
receiving part 21a, the elevation stagej 50 stops, and this stop 
position is the first-level position of j the elevation stage 50. 
For example, the first-level position if 8mm higher than the 
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lowermost point of the elevation stagej 50. 

(Step S4~Ste P 35) After the elevation stage 50 moves to 
the first-level position as descrxbed jabove, the process of 
filling the first channel 116 with the! DMA conjugate solution at 
this first-level position by the filing unit 20. At this time, 
before performing the filling process, j it is checked whether the 
Plate 10 exists in the apparatus or nob. 

The recognition as to whether the plate 10 exists or not is 
carried out by detecting the plate recognition mark 13 disposed 
on the lower surface of the plate 10 using the plate recognition 
sensor 23. The plate recognition mark) 213 of the plate 10 i s a 
notch, a mark, or the i± ke . For example, an aluminum tape is 
attached in this embodiment. When the plate 10 is rotated by the 
hxgh-speed rotation motor 21, the lower surface of the plate .0 
is checked with the plate recognition sensor 23 which is a 
reflection type photosensor or the likej. At this time , since 
there is a difference in output signalsj between the aluminum tape 
as the plate recognition mark 13 and a part other than the 

aluminum tape as shown in flours ft t-h* ~i - 

figure 8, the plate recognition sensor 

23 determines that the plate 10 exlsts j, hen the output signal ^ 
a rising edge and a falling edge, While] it determines that no 
Plate 10 exists when the output signal fas neither a rising edge 
nor a falling edge. j 

i 

"hen it is determined by the. plate' recognition sensor 23 
that there is no plate 10, the operatio^ is ended at this point 
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s determined that there is 
tor 21 of the filling unit 



in time. On the other hand, when it i 
a plate 10, the high-speed rotation mo 
20 is rotated at a predetermined rpm, e.g., about 4000rpm, for 1 
~2 minutes, whereby the first channel' 116 of the channel pattern 

is filled with the DNA conjugate solution 

I 

Hereinafter, how the channel pattjern 110 is filled with the 
DMA conjugate solution will be described with reference to 
figures 6(a) —6 (c) . ! 

Initially, when the plate 10 is riotated at a high speed by 
the high-speed rotation motor 21, as sjown in figure 6(a), the 
DNA conjugate solution injected into tf. buffer agent injection 
part 113 in the channel pattern 110 migrates from the buffer 
agent injection part 113 through the inner circumference channel 
116a of the first channel 116 to reach the first and second 
electrode insertion parts 111 and 112 L shovm in figure fi(b) ^ 
to a centrifugal force generated by the; high-speed rotation. 
Further, the DNA conjugate solution .grates from the first and 
second electrode insertion parts l^.-Jd 1 12 through the outer 
circumference channel H6b of the ;first| channel 116, and finally, 
it is filled in the first and second electrode insertion parts 
HI and 112 and the outer circ^afeiehcej channel 116b, as shown in 
figure 6(c) . This DNA conjugate solution is smoothly filled in 
the outer circumference channel 116b. because the air originally 
existing in the outer circumference chafnel 116b is discharged 
from the air hole 135 of the sample pool 115. 



filling process, the reason 



In the above-mentioned conjugate 
why the DNA conjugate solution is presented from being filled in 
the inner circumference channel 116a ojf the first channel 116 is 
because electrophoresis should not be jcarried out on the inner 
circumference channel 116a side when tL electrodes are inserted 



in the first and second electrode inse 



rtion parts 111 and 112 and 



voltage is applied thereto. Accordingly, in Step SI, the 



of the DNA conjugate solution injected 
injection part 113 is desired to be se 



amount 



into the buffer agent 
t so that the DNA conjugate 



solution does not remain in the inner {circumference channel 116a 



after the conjugate filling process, 
steps, it is necessary to make the DNA 



Further, in the following 
sample flow into the 



quantification part 117a having a portion that is common to the 
outer circumference channel 116b. Accordingly, the amount of the 
DNA conjugate solution injected into the buffer agent injection 
Part 113 must be set so that the channel of the quantification 
part 117a is not filled with the DNA conjugate solution, and 
particularly, the amount should be preferably lower than half the 
height of the channel of the quantification part 117a as shown in 
figure 11(1, ~ (4 , . This is because tlje DNA conjugate solution 
undesirably spills out toward the secorjd channel 117 if the 
amount of the DNA conjugate solution exceeds half the height of 
the channel of the quantification part ju7a . \ In this first 
embodiment, the amount of the DNA conjugate solution is about 18 
microliters. 
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On the other hand., the DNA sample 1 injected into the sample 
injection part 11,4 migrates in the second channel 117 along the 
circumference direction due to a centrifugal force generated by 
the filling unit 20, and is distributed into a portion of the 
second channel 117, during the conjugate filling process by the 
filling unit 20. Also the DNA sample Is smoothly distributed 



117 because the air 



into the portion of the second channel 

originally existing in the outer circumference channel 116b or 
the second channel 117 is discharged from the air hole 135 of the 
sample pool 115. j 

At this time, if the amount of thjs DNA sample injected into 
the sample injection part 114 i s large,' the DNA sample 



on part 117a before the 

outer circumference 
ii the conjugate filling 



undesirably flows into the quant if icatic 
DNA conjugate solution is filled in the 
channel 116b of the first channel 116 i 

process by the filling unit 20, and consequently, the DNA sample 
undesirably flows into the outer circumference channel 116b. 
Accordingly, the amount of the DNA sample to be injected into the 
sample injection part 114 should be set so as not to reach the 
outer circumference channel 116b by a centrifugal force, i.e., so 
that the migration of the DNA sample stops in the middle of the 
second channel 117, more specifically, at a position El 

(hereinafter refp^-rpH . • , ' 

er rete.red co as "first injection position") as shown 

in figures 6(b) and 6(c). j 

The DNA sample is not required to have an amount that fills 
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the entirety of the second channel lllj, but it is only required 
to have an amount that fills a portiorj of the second channel 117, 
i.e., the quantification part 117a, an|d therefore, the amount 
thereof may be small. In this first Embodiment, the amount of 
the DNA sample is about 2 microliters. 

Now, the feature of the shape of the channel pattern 110 
formed on the plate 10 will be described in detail. Figure 9 is 
a diagram illustrating an example of aj channel pattern formed on 
the plate of the first embodiment. 

In order to obtain an accurate detection result by making 
the DNA sample perform electrophoresis in the electrophoresis 
channel C which is a portion of the external circumference 
channel 116b in the channel pattern 110 provided on the plate 10, 
it is necessary to prevent generation of bubbles in the outer 
circumference channel 116b. According, in the channel pattern 
110 of the first embodiment, various schemes are made to prevent 
bubbles from being contained in the outer circumference channel 
116b when the DNA conjugate solution ar d the DNA sample are 
injected, or when the quantity of the DNA sample is determined, 
or when the predetermined quantity of the DNA sample is added to 
the DNA conjugate solution. , ; 

Hereinafter, these schemes will b'f described specifically. 
The first feature of the channel pattern 110 resides in the shape 
of the buffer agent in jection .part 113 Ud the position where it 
is disposed. 
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In this first embodiment, as shovjn in figure 9, the buffer 
agent injection part 113 is positioned)' inner than the first 
channel 116, and its outlet port brancj.es into two, whereby the 
DNA conjugate solution branches so as jzo migrate toward both ends 
of the inner circumference channel 11 6 L Therefore, when the DNA 
conjugate solution is injected into thjs buffer agent injection 
part 113, it branches into two at the cjmtlet port of the buffer 
agent injection part 113 and smoothly migrates toward the both 
ends of the inner circumference channel. 116a in short time, by a 
centrifugal force toward the outer circumference that is 
generated by the high-speed rotation of the plate 10, and then 
passes through the first and second electrode insertion parts 111 
and 112 to be filled in the outer circumference channel 116b from 
the both ends of the channel 116b. Therefore, the DNA conjugate 
solution can be reliably filled in the outer circumference 
channel without containing bubbles. Of course, the same effect 
as mentioned above can be achieved eveq when two buffer agent 
injection parts are provided at both enjds of the first channel to 
inject the DNA conjugate solution from [the two parts. In this 
first embodiment, since one buffer agerit injection part 113 is 
disposed on the inner circumference chajnael 116a side and the 
outlet of the buffer agent injection pajrt 113 is branched into 
two, it is not necessary to perform injection of the DNA 
conjugate from the both ends of the .channel, whereby it becomes 
unnecessary to control the timing of injecting the buffer agent 



from the both ends of the first channel 116, and the amount of 
injection. Thereby, it is possible J prevent errors in 
measurement which may occur due to coJtrol of the injection 
timing and amount of the DNA conjugate* solution. Further, in the 
case where the buffer agent injection bart 113 is provrded in the 
first channel 116, it is provided in the center of the inner 
circumference channel 116a as shown inj figure 9. Therefore, when 
the DNA conjugate solution is filled in the outer circumference 
channel 116b, it is possible to prevenj: occurrence of bubbles in 
the outer circumference channel 116b, which is caused by that the 
DNA conjugate solution is unevenly injected into the first 
channel 116. 

I 

The second feature resides in the] positions where the first 
and second electrode insertion parts 111 and 112 are disposed. 

In this first embodiment, as shown in f igure 9, the 
electrode insertion parts 1H and U2 aire disposed in portions of 
the first channel 116 along its radial direction. Thereby, no 
bubbles are included in the respective piectrode insertion parts 
111 and 112 when the DNA conjugate solution is filled by 
centrifugal force. For example, if thj respective electrode 
insertion parts m and 112 are disposed in portions of the first 
channel 116 along its circumferential direction, since the 
solution injected in the first chapel he migrates in the radial 
direction by centrifugal force, resulting in a possibility that 
bubbles might occur in the respective electrode insertion parts. 



i 
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The third feature resides in the j sizes of corners R of the 
first and second channels 116 and 117.! 

In this first embodiment, the cujvatures of the corners R of 
the first and second channels 116 and 117 in the channel pattern 
110 are set at 0.5 or more, whereby no bubbles are contained in 
all the corner portions of the first and second channels 116 and 
177 when the DNA conjugate solution is; filled by centrifugal 
force toward the outer circumference tLt occurs due to rotation 

of the plate. I 

I 

The fourth feature resides in the 
circumference channel 116a. 

The inner circumference channel l: 
is, as shown in figure 9, i s formed not concentrically but 
ellipsoidally so as to deviate toward the outer circumference 
with distance from the respective electrode insertion parts 111 
and 112. Thereby, when the DNA conjugate solution is filled in 
the first channel 116, it is possible tjo prevent that the DNA 



shape of the inner 
16a of the first embodiment 



of the channel or bubbles 
fugal force that occurs 
Furthermore, since the 



conjugate solution stops in the middle 
are contained in the channel, by centri; 
due to high-speed rotation of the plate, 
width of the inner circumference channel 116a is larger than that 
of the outer circumference channel- 116bj, the DNA conjugate 
solution can be transferred in a short >ime from the buffer agent 
Ejection part 113 to the first and second electrode insertion 
parts 111 and 112, whereby elimination pf bubbles can be enhanced, 
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n filling time can be 



shape of a portion A of the 



and further, the DNA conjugate solutior 
shortened. 

The fifth feature resides in the 
second channel 117. 

In this first embodiment, in the 'quantification part 117a 
included in the second channel 117 shoL in figure 9, a portion 
of the second channel 117 is common to a portion of the outer 
circumference channel 116b. In the common channel portion, a 
predetermined quantity of DNA sample ±1 determined in the common 
channel portion, and simultaneously, the predetermined quantity 



of DNA sample is added to the DNA conjugate solution filled in 



the outer circumference channel 116b. 



117a in the second channel 117 is disposed at the inner side of 



The quantification part 



channel 116b. 



the plate than the outer circumference 

For example, in the first embodiment, as shown in fi gure 9, 

an approximately U shape comprising thi radial direction portion 
of the plate 10 and the circumference direction portion of the 
Plate 10 is produced, and the quantification part 117a is 
disposed in the circumference directiorj portion of the U shape, 
thereby making the DNA conjugate solution and the predetermined 

i 

quantity of DNA sample contact in. parallel with each other. 

i 

Further, in this first, embodiment [ a portion of the second 
channel 117 between the. sample pool lljj and the quantification 
part 117a is shortened, the DNA conjugate solution is prevented 
from flowing into the sample pool 115 during the process of 
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, since the sample 

than the second channel 



adding the predetermined quantity of DMA sample, and further, 
escape of bubbles that occur in the second channel 117 is 
enhanced. 

Further, in this first embodiment, 
injection part 114 is positioned inner 
117 as shown in figure 9, the DNA sample injected into the sample 
injection part 114 can be smoothly transferred to the second 
channel in a short time. 

! 

In this first embodiment, as shown in figure 9, a bent 
portion B is provided in the outer circumference channel 116b to 
adjust the length of the channel from tthe both ends of the outer 



circumference channel 116b. For example, if the channel length 
from the first electrode insertion part] 111 to the quantification 
part 117a is significantly different fr|om the channel length from 



the second electrode insertion part 112 



to the quantification 



portion is short, bubbles 



part 117a, e.g., if the length of the E 

may occur in the outer circumference channel 116b. 

The seventh feature resides in thit the first and second 

electrode insertion parts 111 and 112 afid the sample pool 115 

have air holes, respectively. : 

The DNA conjugate solution injected into the buffer agent 
injection part 113 can be filled in the] outer circumference 
channel 116b without generating bubbles;! by a centrifugal force 
due to high-speed rotation, because air! can be released from the 
air holes 131 and 132 provided in the first and second electrode 
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insertion parts 111 and 112. Further, since the DNA sample that 
is filled in the second channel 116b by pressurization with the 
pressurization part 24 is subjected toj air releasing by the air 
hole 135 provided in the sample pool ijLS, the distribution area 
of the DNA sample can be dispersed to the quantification part 
117a and the other portion, for examplL the sample pool 115 or 
the sample injection part 114, by centjrifugal force due to high- 
speed rotation. Thereby, it is possible to add a predetermined 
quantity of DNA sample to the DNA conjugate solution. 

The eighth feature resides in thajt, as shown in figure 3(c), 
cover films 15 are attached to the eleitrode insertion ports 121 
and 122 of the first and second electrode insertion part 111 and 
112 . 

Thereby, wh en the plate i 5 rotated at high speed during the 
conjugate filling process, it is avoided that the DNA conjugate 
solution scatters and runs out, and thereby no DNA conjugate is 
filled in the outer circumference chanr 
It is not necessary to apply cove 
Ports 123 and 124 of the buffer agent objection part 113 and the 
sample injection parts 114. The reason is as follows. Since the 
injection ports 123 and 124 of the buffer agent injection part 
113 and the sample injection part 114 ajre disposed on the inner 
circumference side of the plate as shovj, in figure 4, the sample 
migrates to the outer circumference sidle of the plate by 
centr.fugal force when the plate is rotated at high speed, and 



el 116b. 

r films 15 on the injection 



therefore, the DNA conjugate solution 



and the DNA sample do not 



scatter out of the respective injection parts 113 and 114 



:e solution or the DNA 



(Step S6) After the DNA conjuga 
sample is injected into the plate 10 having the above-mentioned 
characteristics and the process of filling the DNA conjugate 
solution by the filling unit 20 is completed in step S5, the 
elevation stage 50 is further moved upj so as to fit the plate 10 
to the discrimination unit 30. Howevejr, in order to fit the 



the fitting pin 31 of the 



discrimination unit 30 to the plate 10 
discrimination unit 30 must be inserted in the fitting pin hole 
11 of the plate 10. Therefore, it is necessary to perform 
positioning of the plate 10 in order to detect the position of 
the fitting pin hole 11 of the plate 10. 

So, in this first embodiment, thej positioning mark 12 is 
provided on the upper surface of the pjate 10 as shown in figure 
3(a), and the positioning mark 12 is detected by the positioning 
mark detection sensor 35 to determine j position where the 
discrimination unit 30 can be fitted t<j the plate 10. When the 
high-speed rotation motor 21 of the filjling unit 20 is a servo 
type motor, since the position of the pjlate 10 after the high- 
speed rotation during the conjugate filjling process can be 

i • 

limited, it is not necessary, to perform 1 positioning of the plate 

i 

The fxtting position detection method by the discrimination 
unit 30 is identical to the operation in step S4. That is, when 
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rotating the discrimination unit 30 byj the low-speed rotation 
motor 38, the upper surface of the plate 10 is measured by the 
posxtioning mark detection sensor 35 sfich as a reflection type 
sensor. At this time, as shown in figure 8, a difference in 
output signals occurs between the mark! portion where the 
positioning mark 12 exists and a portion other than the mark 
portion, and positioning of the discrimination unit 30 is 
determined by observing a rising edge and a falling edge of the 
output signal. When performing positioning by rotating the 
discrimination unic 30 with the low-speed rotation motor 38, the 
discrimination unit 30 has many components disposed on the 
sealing plate 37, and cables and tubes (not shown) of the 
components are rolled up in the vicinity of the discrimination 
unit 30. Therefore, in order to prevent the cables and tubes 
from being tangled, the discrimination unit 30 is turned by half 
or 3/4 from the right to the left to detect the position thereof 
and thereafter, the discrimination unit 30 is rotated in the 
direction of less rotation angle to peiform positioning of the 
discrimination unit 30. ! 

(Step 7) After positioning of the discrimination unit 3 0 
is carried out as described above, in order to fit the plate 10 
to the discrimination unit 30, the eleJation stage 50 is moved up 
from the first-level position shown in (figure 7(a) to the second- 
level position shown in figure 7(d) by Ithe vertical drive motor 



51. 
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Hereinafter, the state until the 'plate 10 is fitted to the 
discrimination unit 30 will be described in detail with reference 
to figures 7 (b) ~7 (d) . 

Initially, the fitting pin 31 of the discrimination unit 30 
starts to be inserted in the fitting p[n hole 11 of the plate 10 
(figure 7(b)), and next, the electrode! 32a and 32b of the 
discrimination unit 30 are inserted in j the electrode inlets 121 
and 122 of the first and second electrode insertion parts ill and 
112 of the plate 10, and then the presenilation part 24 contacts 
the pressurization standby hole 136 of j the plate 10 (figure 7(c)), 



goes up until the heater 



and thereafter, the elevation stage 50 
33 contacts the plate 10. As the resujt, the fitting pin 31, the 
electrodes 32a and 32b, the pressurizatjion part 24, the heater 33, 
and the thermistor 34 are pressed againjst the plate 10, whereby 
the discrimination unit is fitted to the plate 10. Accordingly, 
as shown in figure 7(d), the position o: 
where the discrimination unit 30 is fitl 
second-level position. For example, the 

the elevation stage is 6 . 8mm higher thai the first-level position 
shown in figure 7(a). j 

After the elevation stage 50 movei up to the second-level 
position and the plate 10 is fitted to jzhe respective components 
of the discrimination unit 30, the temperature of the outer 
circumference channel 116b is measured by the thermistor 34, and 
the heater 33 is controlled according tj> the measurement result 



f the elevation stage 50 
ted to the plate 10 is the 
e second-level position of 
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so as to keep the outer circumference channel 116b at a 
predetermined temperature. The reason why the outer 
circumference channel 116b is kept at a predetermined temperature 
is because it is necessary to keep the temperature condition 
constant when detecting absorbance and fluorescence in the 
channel by the optical detector 40. The predetermined 
temperature may be a constant temperature higher than room 
temperature. The above-mentioned temperature is determined 
according to the DNA conjugate solutioi to be filled and the DMA 
sample to be added to the DNA conjugate solution. For example, 
when the DNA sample comprises 40-60 baies and the DNA sequence of 
the DNA conjugate solution, which has a sequence that is 
complementary to the target DNA to be cetected, comprises 6-8 
bases, the temperature of the outer circumference channel is 
desired to be 25°C~45°C. The temperature of the outer 
circumference channel 116b is controlled by the thermistor 34 
provided on the sealing plate 37. ; 

The setting positions of the heatfr 33 and the thermistor 34 
with respect to the outer circumference .channel 116b are as 
follows. For example, as shown in figure 10(a), the heater 33 is 
disposed directly above the outer circumference channel 116b, and 
the thermistor 34 is disposed in a position beside the heater 33, 
wherein distances LI and L2 shown in .fibure 10(a) are equal to 
each other. The heater 33 is pressed -tb the outer circumference 
channel 116b to perform heating laconically, the temperature of 
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the plate 10 is measured by the thermistor 34, and the 
temperature of the outer circumference channel 116b is estimated 
from the measurement result to control the heater 33. 
Alternatively, as shown in figure 10 (bl, the heater 33 may be 
disposed in a position beside the outer circumference channel 
116b, wherein distances LI and L2 shown in figure 10(b) are equal 



may be disposed directly 



to each other, while the thermistor 34^ 
above the outer circumference channel 116b, and the heater 33 is 
controlled while measuring the accuratf temperature of the outer 
circumference channel 116b by the thermistor 34. Furthermore, 
the rise in temperature of the heater ijiay be measured by a heater 
temperature detection sensor (not shown) disposed on the heater 
33. In this case, the amount of heat transfer from the heater 33 



and a difference in 



to the plate 10 is previously measured, 

temperature between the plate 10 and the heater 33 is measured to 

control the temperature of the outer circumference channel 116b. 
(Step S8J After the outer circuirjf erence channel 116b is 

set at a predetermined temperature by controlling the heater 33 
as described above, the voltage supplied from the high-voltage 
power supply 66 is applied to the electrodes 32a and 32b disposed 
on the sealing plate 37, thereby performing conjugate 
purification. At this time, the voltage applied to the outer 
circumference channel 116b is about O.^KV-SKV. Preferably, it 
is 1KV~1.5KV. | 

The purpose of performing conjugate purification by applying 
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voltage to the DNA conjugate solution in step S7 is to remove 
defects (unreactecl DNA and conjugate ojf small molecular size 
included in the DNA conjugate solution) which occur during 
fabrication of the DNA conjugate solution, thereby to obtain pure 
DNA conjugate solution. The unreacted' DNA and the conjugate of 
small molecular size which are removedi at this time are 
transferred to and stored in the seconfi electrode insertion part 
112 into which the positive electrode is inserted. 

(Step S9~Step S12) After the conjugate purification is 
ended, the DNA sample that has been distributed up to the first 
flow position El in the second channel 117 in step S5 is 
distributed up to the second flow position E2 including the 
quantification part 117a, by the filling unit 20. 

This process is carried out as follows. For example, the 
pressurize tion part 24 is brought intojcontact with the injection 
port 124 of the sample injection part |14, and the DNA sample 
stored in the second sample injection part 114 is pressurized 
from the sample inlet 124. I 

i 

Accordingly, in this first embodiment, in order to bring the 
position of the pressurizatxon part 24 jto above the injection 
port 124 from above the pressuri zation j s tandby hole 136 where the 
pressurization part 24 currently exists!, the elevation stage 50 
is once moved down to the first-level position from the second- 
level position, and the discrimination |unit 30 is slightly 
rotated by the low-speed rotation motorj 38, about 10 degrees in 
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this embodiment, and thereafter, the elevation stage 50 is moved 
UP to the second-level position. Thereby, when the elevation 
stage 50 is moved up to the second-levja position to perform 
pressurization, the pressurization P ar| 24 can be brought into 
contact with the inaction port 124 cf^the sample injection part 
114. : 

At this time, Slnce the electrodep 32a ^ ar( _ 
rotated simultaneously, the electrode 32a and the electrode 32b 
are inserted in the first and second eiectrode standby holes u, 
and US which are disposed concentricalily with the first and 
second electrodes insertion part in and 112, respectively. 

in the state where the electrodes: 32a and 32b stand by in 
the first and second electrode standby |holes 118 and 119, 
respectively, the sample injection paid u < in which themfl 
sampie is stored is pressurized by the {pressurization part 24. 

By this pressurization process, t^a DMA sample which has 
been centrifugally distributed in only the circumference 
direction of the second channel m frop the second electrode 



solution filling process 
6(c), can be transferred 



insertion part 112 in the DNA conjugate 
m step S5 as shown in figures 6(b) and 
in the radiation direction of the second channel 117 as shown in 
«««■« 6(d). and a portion of the DNft sample is transferred up to 
the sample pool „5. whereby the DMA saLle caR ba (uled ln 
second channel 117. ! 

After the pressurization process in step S12, the elevation 
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stage 50 is moved down from the second.;- level position to the 
first-level position (step S13). Then 1 , using the filling unit 20, 
the una sample filled in the second channel 117 is separated so 
as to leave a portion thereof in the quantification part 117a, 
and a predetermined amount of DNA sample is supplied to a part of 
the outer circumference channel 116b which is filled with the DNA 
conjugate solution, by a centrifugal fprce (step S14). 

i 

For example, the Plate 10 is rotated at a predetermined rpm 



about 10 seconds by the 



(about 4000rpm in this embodiment) for 
high-speed rotation motor 21 of the filling unit 20, whereby the 
DNA sample which is filled in the second channel 117 between the 
sample injection part 114 and the samp|e pool 115 as shown in 
figure 6(d) is left m only the quantification part 117a by 
centrifugal force caused by the high-speed rotation as shown in 
figure 6(e). Thereby, a predetermined 
be added to the DNA conjugate solution 
external circumference channel 116b. 

The migration states of the DNA s 
shown in (1)^(4) in figure 11. Figure' ll-(l) shows the state 
where the DNA conjugate solution filHrjg process is ended, in 
which no DNA sample exists in the area (filled with the DNA 
conjugate solution, migration of the DNA sample is stopped at the 
first flow position El in the second chjannel 11 7, and the DNA 
sample is centrifugal-distributed to thje second channel 117. 
Thereafter, when pressurization is performed by the 

i 



amount of DNA sample can 
that is filled in the 

ample described above are 



pressurization part 24, the DNA sample that is centrifugal- 
distributed in the second channel 117 as shown in figure 11- (2) 
migrates into the sample pool 115 as shown in figure 11- (3), 
whereby the DNA sample is filled in the second channel 117. Then, 
the plate 10 i s rotated at a high .speed by the high-speed 
rotation motor 21, whereby, as shown in figure li-(4), a 
predetermined amount of the DNA samplej is added into the 
quantification part 117a of the second! channel 117 such that the 
DNA sample contacts the DNA conjugate (solution in parallel. 

(Step S15) Thereafter, in order jto perform measurement by 
the discrimination unit 30, the elevation stage 50 must be moved 
u P from the first-level position to the second-level position by 
the vertical drive motor 51. At this time, like the process in 
step S7, the positioning mark 12 provided on the upper surface of 
the plate 10 is detected by the positioning mark detection sensor 
35, thereby performing positioning of the plate 10. since the 
specific operation for the positioning Us identical to the 
operation in step S6, repeated description is not necessary. 

(Step S16-step S17) After the positioning of the plate 10, 
the elevation stage 50 is moved up to tjhe. second-level position 

i 

by the vertical drive motor 51, and th<j fitting pin 31 of the 
sealing plate 37 is inserted in the fitjting pin hole 11 of the 
Plate 10 to fit the sealing plate 37 td the plate 10. Thereby, 
the heater 33 is disposed on the outer jcircumf erence channel 116b 
while the electrodes 32a and 32b are iriserted in the electrode 
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insertion parts 111 and 112, respectively. Thereafter, the outer 
circumference channel 116b is heated tjL a predetermined 
temperature by the heater 33, and a voyage of several hundreds V 
supplied from the high-voltage power sfipply 66 is applied to the 
electrodes 32a and 32b to make the DNA 



sample perform 

electrophoresis xn the outer cxrcumf erLnce channel 116b that xs 
filled with the DNA conjugate 3 olution| At this time, an 
electric field xs generated in the outir circumference channel 
H6b and xn the quantification part Ilia included xn the second 
channel 117, and the DNA sample Ds that remains by the 
predetermined amount in the quantification part 117a migrates xn 
the outer circumference channel 116b tiward the positive 
electrode insertion part 112 for the positive electrode. Then, 
optical detection for detecting the abiorbance or the 
fluorescence of the outer circumference} channel 116b by the 
optical detection unit 40 is carried o lit . 

The states of the DNA sample are kown in (5) -(8) in figure 
11. Figures ll-(5)~( 8 ) show the statejs where voltage 
application is started and the DNA samplle performs 

• i 

electrophoresis in the DNA conjugate solution that is filled m 

the outer circumference channel 116b. ' 

i 

As described above, even when the i DNA sample is just 
contacted to the DNA corrugate solution^ in parallel with each 
other without mixing the DNA sample into the DNA conjugate 
solution by agitation, it is possible tb make the DNA sample 
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-grate in the DNA conjugate solution by electrophoresis by on.lv 
applying a voltage to the outer circumference channel 1,6b. 

Detection of the absorbance or fluorescence by the optical 
detection part ,0 is carried out as follows. That is. the plate 
10 which is fitted to the sealing p latf 37 is rot5ted by ^ ^ 

speed rotation motor 38 with r P sn P rr t-A *u 

tn res Pect to the optical detection 

Part ,0 disposed above the eIevatiM s . ^ 

or fluorescence of the electrophoresis; channel portion c o, the 

outer circumference channel i 16b is del i echpH _ 

rs detected at predetermined 

intervals, for example, every one minuie from start of <-he 

measurement. In order „ indlcate ^ ^ ^ 

carried out, a second ( not shown) is turned on aimul Uneous , y 

with the voltage application to the electrodes 3 2 a and 32b 
"hereby the door „ of the a PparatU5 !M ls ^ ^ 

opened by mistake during Cha measurement. 

Further, detection or the absorbaice or fluorescence b y the 
optical detection part „o is carried otjt as follow,. T hat ls 
the operation of rotattng the fitted plpte 10 and sealing pl ate 
237 ab out one time end then, rotating thpse piates bad. to the 

initial position, is Seated hv ... . ; 

-epeated by tne low-speed rotation motor 38, 

and the electrophoresis -hann^l r e -J' 

channel C of the outer circumference 

channel 116b in the D att P m nn ■ ! 

«--ie pattern 110 is scanned by the optical 

detection unit 40 during the rotation, F hereby measuring th. 
absorbance or fluorescence of the electrophoresis channe! c. The 
scann.ng of the electrophoresis channel; c by the optica, 
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detection part .0 is performed only in| the direction along which 
the DNA sample migrates in the DNA conjugate solution, and no 
scanning i 5 carried out in the opposite direction. 

Figure 12 is a diagram illustrating the detection result 
obtained when the DNA sample in the electrophoresis channel is 
detected by utilizing the absorbance (Uonm, in the biological 
sample discrimination apparatus 100 according to the first 
embodiment. In figure 12, a DNA conjugate solution obtained by 
mixing a solution in which 0.5mM of magnesium chloride as a DNA 
bonding control agent is added to lOmM-of Tris-Borate buffer 
solution, and a DNA conjugate for separation (conjugate 5'- 
TAA.CGGT- ia fmed in tne outer cirtumf erence channel n ^ ^ 
a labeled DNA sample including mutant DNA (5'- 

ATGTGGAACCTTTACTAAAG-3 ' ) and wild DNA j 5 ■ -ATGTGGAACCGTTAGTAAAG- 
3') is injected into the outer circumference channel U6b, 
thereby to make the DNA sample perform .electrophoresis in the 
electrophoresis channel C in the outer |circumf erence channel 116b. 

In figure 12, the abscissa shows the distance along which 
the DNA sample migrates in the electrophoresis channel C in the 
outer circumference channel U6b. In figure 12, the DNA sample 
migrates from left to right of the' graph. 

That is, the left side in figure 12 is the quantification 
unit 117a side of the electrophoresis channel C in the outer 
circumference channel 116b, and the right side is the positive 
electrode insertion part 112 side of the electrophoresis channel 
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C Further, the ordinate shows the absorbance, illustrating the 
waveform that changes with time for every one minute fro, the top 

With reference to figure 12, it is found that one peak is 
gradually separated into two peaks. From this waveform diagram, 
it is determined that approximately equal quantities of mutant 
DNA and wild DNA exist in .the DMA sample as an analyte. 

When mutant. DMA (normal DNA, is xncluded in the DNA sample, 
this mutant DNA is trapped by the DNA conjugate for separation 
having a sequence that is complementary with the mutant DNA as 
shown in figure 13, whereby the electrophoresis speed of the 
mutant DNA becomes lower than that of jthe wild DNA. As the 
result, the wild DNA and the mutant DNA are separated as shown in 
figure 12 when absorbance of the electrophoresis channel C is 
detected by the optxcal detection part, 40, and two peaks of 
absorbance appear. On the other hand,, when no mutant DNA is 
included in the DNA sample, only one peak of absorbance appears. 
Thereby, it is possible to determine ah to whether mutant DNA is 
included in the DNA sample or not. \ 

In the case of figure 12, the peak on the right side of the 
graph is the wild DNA because its electrophoresis speed is high, 
while the peak on the lift side, is the Want DNA because its 
electrophoresis speed is low. = 

i 

Further, in the biological : samplej discrimination apparatus 
according to the first embodiment, it is also possible to measure 
absorbance at a certain point in the electrophoresis channel c in 
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the outer circumference channel 116b, .instead of measuring the 

absorbance of the entire electrophoresis channel C of the outer 

circumference channel 116b by rotating the plate 10 with the low- 
speed rotation motor 33. 

Further, instead of measuring the absorbance, there is a 
method of detecting fluorescence by modifying a fluorescent 
material (e.g., C y5 or FITC) at the end of the DNA . 

When measuring the fluorescence pr absorbance, in order to 
obtain an accurate result continuously^ the absorbance is not 
measured at a certain point in the electrophoresis channel C by 
the optical detection unit 40, but the plate 10 is rotated at a 
low speed by the low-speed rotation motor 38, and the entire 
electrophoresis channel C is scanned with the optical detection 
unit 40 ro measure the absorbance of bhe entire electrophoresis 
channel C at predetermined time internals, as shown in figure 12. 
The reason is as follows. For example, there is a case where the 
DNA sample to be measured has a difference in speeds between the 
wild DNA and the mutant DNA which are ^included in the DNA sample 
in a position where the absorbance is not measured, while the DNA 
sample has no difference in speeds between the wild DNA and the 
mutant DNA in a point where, the absorbLce is measured. 

Therefore, it is possible to constantly obtain an accurate 
result by scanning the entire electrophoresis channel C at 
predetermined time intervals using the! optical detection unit 40 
to measure the fluorescence or absorbance. 
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(Step S18) As described above, the outer circumference 
channel 116b is scanned with the optical detection unit 40 by an 
arbitrary number of times (nine times in this fourth embodiment) 
to complete the measurement. Then, voltage application to the 
electrodes 32a and 32b by the high-voAage power supply 66 is 
stopped and heating by the heater 33 i|s also stopped, and 
thereafter, the plate 10 as well as the sealing plate 37 are 
rotated by the low-speed rotation motojr 38 so that the plate 10 
is positioned above the plate holder 22. 

(Step S19) When the position is determined, the elevation 
stage 50 is moved down from the second-level position to the 
first-level position, and the clamper 36 and the plate receiving 
part 21a are separated from each other: in that position, and 
thereafter, the elevation stage 50 is further moved down to the 
lowermost point to set the plate 10 on! the plate holder 22. At 
this point in time, the plate 10 can be discharged from the 
biological sample discrimination apparatus 100. 

As described above, according to ( the first embodiment, the 
DNA conjugate solution is filled in the outer circumference 
channel 116b using centrifugal force by the filling unit 20, ana 
the DNA sample is pressurized and added by a predetermined amount 
to the DNA conjugate solution by centrifugal force, and 
thereafter, a voltage is applied to the electrodes 32a and 32b 
provided in the discrimination unit 30.: to make the DNA sample 
perform electrophoresis. Then, the plate 10 is rotated several 



89 



times at a low speed for every predetermined period of time by 
the discrimination unit 30, and the entire electrophoresis 
channel portion of the outer circumference channel 116b is 
scanned by a predetermined number of times with the optical 
detection unit 40, thereby to measure jthe absorbance or 
fluorescence of the electrophoresis channel portion. Therefore, 
the existence of target DNA to be detected, which is included in 
the DNA sample obtained by extracting Specific DNA from cell or 
blood, can be discriminated accurately, 1 in a short time, without 
using a capillary cube that needs complicated preparation work, 
whereby discrimination of various diseases or research of DNA 
abnormality can be carried out accurately and speedily. 

Further, according to the biological sample discrimination 
apparatus 100 of the present invention!, the elevation stage 50 is 
driven between the first-level position and the second-level 
position by the vertical drive motor 5L to vertically move the 
Plate 10, and the sample filling process by the filling unit 20 
is carried out in the first-level position while the optical 
detection process by the discrimination unit 30 is carried out in 
the second-level position. Therefore, reduction in size and 
weight of the biological sample discrimination apparatus can be 
achieved. ! 



In this first embodiment, the bicjlogical sample is a DNA 
sample, and it is determined whether ajmutant sample is included 
in the DNA sample or not, i.e., whether SNPs are present or not. 
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However, the present invention is not restricted to such 
application, and it is also applicable! to antigen-antibody 
reaction or enzyme reaction. ; 

Further, in this first embodiment, when performing the 
process of filling the DMA conjugate solution in the first 
channel 116 (step S5) , the plate 10 is! rotated at a high speed 
with the high-speed rotation motor 21 pf the filling unit 20, and 

i 

the DNA conjugate solution is filled iji the channel by 

t 

centrifugal force that is generated by! the high-speed rotation. 

However, the DNA conjugate solution maj/ be filled in the channel 

by utilizing, other than the centrifugkl force, pressuri zation to 

the buffer agent injection part 123 using a pump, or aspiration 

of the DNA conjugate solution from the! air hole 135 of the sample 

pool 115 using a pump, or a capillary phenomenon of the DNA 

T 

conjugate solution itself. 

As described above, when filling jfche DNA conjugate solution 
in the channel by aspiration, for example, the pressurization 
pump 52 in the device 100 is constituted as a pump system capable 
of performing pressurization and aspiration so that the 
pressurization part 24 can perform aspiration through the pump 
tube 53, whereby aspiration can be realized without providing the 

device with a new aspiration unit. j 

I 

Further, in step S12, when the DbjA sample is transferred 
from the first flow position El to the J second flow position E2 in 
the second channel 117 by the filling unit 20, the injection port 
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i 
i 

124 for injecting the DMA sample is prjessurized for a 
predetermined period of time by the prjessurization part 24. 
However, instead of the pressurization; process, for example the 
pressurization pump 52 may be implemented by a pump system 
capable of pressurization and aspiration as described above, and 
the injection port 124 or the air hole ! 135 of the sample pool 115 
-ay be aspirated by the pressurizationj part 24, and furthermore, 
a capillary phenomenon of the DNA sampjle may be also utilized. 

Further, in step S14. when adding a predetermined amount of 
the DNA sample to the DNA conjugate solution, the plate 10 is 
rotated at a high speed, and the DNA sample is left only in the 

i 

quantification part 117b by centrifuga^ force caused by the high- 
speed rotation, whereby a predetermine}! amount of the DNA sample 
can be added. However, this process cjan be realized by, instead 
of using the centrifugal force, aspirating the injection port 124 
or the air hole 135 of the sample poolj 115 by the pressurization 
part 24. To be specific, the DNA sampjle that is moved up to the 
second flow position E2 in the second fchannel 117 by the 
pressurization p arfc 24 (refer to figure 6(d), is aspirated and 
removed from the air hole 135 of the simple pool 115 so that a 
predetermined amount of the DNA sample J is left in the 
quantification part 117a, thereby to separate the DNA sample. In 
this case, in order to prevent that a predetermined amount of the 
DNA sample to be left in the quantification part 117a or the DNA 
conjugate solution in the first channel is undesirably aspirated 
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by the pressurization pump 52, it is njecessary to adjust the 
viscosity between the DNA conjugate solution and the DNA sample. 

As described above, when quantification of the DNA sample is 
carried out by the aspiration process,! migration of the DNA 
sample other than that in the quantification part 117a- becomes 
faster due to the centrifugal force ca|used by high-speed rotation 
or the plate 10, and consequently, a predetermined amount of the 
DNA sample can be added in a shorter dime into the outer 
circumference channel 116b that is filled with the DNA conjugate 

solution. ; 

i 

Accordingly, when a predetermine^ amount of the DNA sample 
is added into the quantification part 117a in the second channel 
117, the process steps from step S5 wh^re the DNA sample is in 
the first flow position El in the second channel 117 (figure 
6(e)) to step S14 where a predetermined amount of the DNA sample, 
is added (figure 6(e)) can be carried but by aspirating the air 
hole 135 of the sample pool 115 Using- phe pressurization part 24. 
Since filling of the DNA sample into tjie quantification part 117a 
is carried out by using a difference ik pressures between the 
sample injection part 114 and the sample pool 115 in the second 
channel 117, it can also be carried ouj: by pressurizing the 
injection port 124 of the sample injection part 14 by the 
pressurization part 24. J 

j 

Further, although in this first embodiment the second flow 
position E2 is inside the sample pool 115, the second flow 
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position E2 may be set at any position.; so long as the 
quantification part 117a is filled with the DNA sample, and 
therefore, the second flow position E2 j does not necessarily reach 
the sample pool 115. j 

Further, while in this first embodiment one channel pattern 
110 is formed on the plate 10, four identical patterns' may be 
formed on the plate 10 as shown in figure 14 to detect SNPs of 
four different DNA samples at the samej time. In this case, it is 
necessary to provide four sets of the j.lectrodes 32a and 32b, the 
heaters 33, the pressuri zation parts 2|J, and the thermistors 34 
which are disposed on the sealing plate 37. m the case where 
four channel patterns 110 are provided; on the plate 10, when 
performing measurement by the discrimination unit 30, application 
of voltage to the electrodes 32a and 3 j>b to be inserted in the 
respective patterns by the high-voltagf power supply 66 should be 
shifted for each pattern, considering i time lag in measurement 
for each pattern. Thereby, the electrophoresis time of data 
during the measurement can be made egual in all patterns. The 
number of times the measurement is repeated can be set according 
to user requests. j 

Further, when plural channel patterns 110 are formed on the 
Plate 10 as shown in figure 14, DNA samples of different persons 
may be added to the respective channel {patterns 110 to 
discriminate not SNPs of one person bui SNPs of plural persons. 
For example, the same DNA conjugate is filled in all the 



channel patterns, and DNA samples of different persons as many a: 
the number of channel patterns formed jon the plate 10 are 
injected into the respective channel patterns, whereby 
discrimination for the same SNPs can b,e performed to the plural 

i 

persons by one-time measurement, and data relating to the 
distribution states for the respectivej SNPs can be obtained at 

one time. : 

i 

In this first embodiment, in ord^r to keep the outer 
circumference channel 116b of the platje 10 at a predetermined 
constant temperature, the outer circumference channel 116b is 
heated to the constant temperature by J:he heater 33. However, a 
peltiert element or the like may be provided instead of the 
heater 33 to cool or heat the peltiert element according to the 
temperature of the outer circumference channel 116b, thereby 
controlling the outer circumference channel 116b at the constant 
temperature. 

Further, in this first embodiment', purification of the DNA 
conjugate solution injected into the bjiffer agent injection part 
113 is carried out in step S7, the «»j conjugate solution may be 
subjected to purification when it is created, and thereafter, the 
purified DNA conjugate solution may be injected into the buffer 
agent injection part 113. In the casej where purification such as 
removal of unreacted vinyl DNA is performed during creation of 
the DNA conjugate solution, the createj DNA conjugate solution is 
hermetically sealed in a dialysis membjane such as cellophane, 
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and the dialysis membrane is rotated in a large amount of 
ultrapure water to remove the unreacted DNA in the membrane. 
Thereby a high-purity DNA conjugate solution can be obtained. 

In the case where purification is carried out during 
creation of the DNA conjugate solution!, since it is not necessary 
to perform conjugate purification by the discrimination unit 30, 
the process goes to step S.10 after the! fitting position of the 
Plate 10 is detected by the discrimination unit 30 in step S6. 

Furthermore, m this first embodiment, the DMA sample as a 
biological sample migrates by electrophoresis in the DNA 
conjugate solution as a buffer agent, and the electrodes 32a and 
32b are included in the discrimination. 1 unit 30 while the 
electrode insertion part 111 and 112 into which the electrodes 



are inserted are disposed on the plate 10. However, when the DNA 
sample is not migrated by electrophoresis, it is not necessary to 
provide the electrodes 32a and 32b of j:he discrimination unit 30, 
and the electrode insertion parts 111 ind 112 and the electrode 
standby holes 118 and 119 on the plate' 10. 
(Embodiment 2) i 

r 

Hereinafter, a biological sample [discrimination apparatus 
according to a second embodiment will j> e described with reference 
to figures 15~~18. j 

In the biological sample discrimination apparatus 100, the 
heater for heating the inside of the channel pattern formed on 
the plate and the thermistor for measuring the temperature of the 
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channel are hung from the ceiling plate of the discrimination 
unit 30. m this second embodiment, however, these elements are 
disposed on the plate. 

Figure 15 is a block diagram illustrating the biological 
sample discrimination apparatus according to the second 
embodiment. As shown in figure 15, the biological sample 
discrimination apparatus 200 according to the second embodiment 
is provided with a heater contact pin ; i>33 for applying a 
predetermined voltage to the plate 10 instead of the heater 33 
provided in the discrimination unit 30 y and a thermistor contact 
Pin 234 for applying a predetermined voltage to the plate 10 
instead of the thermistor 34 provrded in the discrimination unit 
30. Since other constituents are identical to those of the first 
embodiment, repeated description is not necessary. 

Figure 16 is a diagram i llustratijng a cross-section of a 
Plate according to the second embodiment. As shown in figure 16, 
in the plate 10 of the second embodiment, a hot wire or a circuit 
serving as an alternative for a heater (a heater eleccrode thin 
film) HI and a thermistor 142 are embedded above the outer 
circumference channel 116b, and the heater contact pin 233 and 
the termistor contact pin 234 which arj provided in the 
discrimination unit 30 of the biological sample discrimination 
apparatus 200 contact the heater elect jode thin film 141 and the 
thermistor 142 to apply a voltage, whereby the heater electrode 
thin film 141 heats up the outer circumference channel 116b to a 



predetermined temperature while the thermistor 142 measures the 
temperature of the outer circumference! channel 116b to control 
the voltage applied to the heater electrode thin film 141. The 
construction of the channel pattern 110 of the plate 10 is 
identical to that of the first embodiment. 

As described above, the thermistor and the heater which have 
been provided m the discrimination unjit 30 are provided in the 
plate 10 while the termistor contact pint 234 and the heater 
contact pin 233 are provided in the discrimination unit 30, and a 
predetermined voltage is applied to thje plate 10, whereby the 
apparatus 200 can be made more compact. 

Hereinafter, the operation of thj biological sample 
discrimination apparatus 200 according, to the second embodiment 
will be described. ; 

(Step si) Initially, a DNA conjugate solution and a . DMA 
sample are injected from the in, ectionj ports 123 and 124 into the 
buffer agent injection part 113 and the sample injection part 114 
of the channel pattern 110 which is provided on the plate 10, 
respectively, by an manual operation uiing a syringe. 

(Step S2) Then, by operating an joperation button (not 
shown) or the like, the plate 10 in whjch the sample is injected 
is set on the plate holder 22 of the apparatus 200, and 
thereafter, plate loading is carried o|t. The position of the 
elevation stage 50 at the plate loading is the lowermost point. 
(Step S3~Ste P 55) Thereafter, the elevation stage 50 is 
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moved up to the first-level position by the vertical drive motor 
51, and a conjugate filling process is! carried out by the high- 
speed rotation motor 21 at the first-llvel position. Since the 
conjugate filling process is identical! to that described for the 
first embodiment, repeated description' is not necessary. 

(Step S6-Step S7J After the conjugate filling process is 
completed, a fitting position between |the plate 10 and the 
discrimination unit 30 is detected by :he positioning mark 
detection sensor 35 provided in the discrimination unit 30, and 
thereafter, the elevation stage 50 is loved to the second-level 
position . 

Hereinafter, the state until the jplate 10 is fitted to the 
discrimination unit 30 will be described in detail. Initially, 
the fitting pin 31 of the discrimination unit 30 starts to be 
inserted in the fitting pin hole 11 of j the plate 10, and next, 
the electrodes 32a and 32b of the discrimination unit 30 are 
inserted in the electrode inlets 121 aijid 122. of the first and 
second electrode insertion parts 111 and 112 of the plate 10, and 
then the pressurrzation part 24 contacts the pressuri zation 
standby hole 136 of the plate 10, and (hereafter, the plate 10 is 
moved up until the heater electrode thin film 141 and the 
thermistor 142 provided on the plate l<j contact the heater 
contact pin 233 and the thermistor contact pin 234 provided in 
the discrimination unit 30. As the reiult, the fitting pin 31, 
the electrodes 32a and 32b, the pre.ssuiizat ion part 24, the 



heater contact pin 233, and the thermiktor contact pin 234 are 



pressed against the plate 10, whereby 



the discrimination unit 30 
ier. Accordingly, the 



and the plate 10 are fitted to each ot 
position of the elevation stage 50 where the discrimination unit 

30 is fitted to the plate 10 is the second-level position. 

i 

After the elevation stage 50- move's up to the second-level 
position and the plate 10 is fitted toj the respective components 
of the discrimination unit 30, a voltage is applied to the heater 
electrode thin film 141 embedded in thjs plate 10 by the heater 
contact pin 233, and the outer circumference channel 116b is 
heated up to a predetermined temperature while controlling the 
voltage applied to the heater electrode thin film 141 by 
measuring the temperature of the outer circumference channel 116b 
with the thermistor 142 embedded in the plate 10. As described 



heater electrode thin film 



for the first embodiment, although the 
141 is embedded in the plate 10, any element may be used so long 
as the temperature of the outer circumference channel 116b can be 
kept constant. For example, a circuitj capable of not only 

i 

heating but both cooling and heating, Lch as a peltiert element, 
may be embedded in the plate 10. i 



ference channel 116b is 



(Step S8) After the outer eircuir 
set at the predetermined temperature ai described above, a 

I. 

voltage supplied from the high-voltage [power supply 66 is applied 

to the electrodes 32a and 32b provided jon the sealing plate 37, 

i 

thereby performing conjugate purification. 
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(Step S9~Step S12) After the conjugate purification is 
ended, the second sample injection parjt 114 is subjected to 
pressurization by the filling unit 20,; whereby the DNA sample is 
filled in the second channel. ; 

(Step S13~-Step S14) Thereafter, the elevation stage 50 is 
moved down from the second-level positjion to the first-level 
position by the vertical drive motor 5jl, and a predetermined 



tion of the outer 



amount of DNA sample is added to a porl 

circumference channel 116b that is filled with the DNA- conjugate 

i 

solution, by the filling unit 20. j 

i 

(Step S15) Thereafter, in orderj to move the elevation 
stage 50 from the first-level stage to! the second-level stage by 



asurement by the 



the vertical drive motor to perform me; 
discrimination unit 30, the plate recognition mark 13 provided on 
the upper surface of the plate 10 is detected by the positioning 
mark detection sensor 35, thereby determining a position where 
the discrimination 30 and the plate 10| can be fitted to each 

! 

other. ; 

i 

(Step S16~~Step 317) After the positioning, the elevation 
stage 50 is moved up to the second-level position by the vertical 
drive motor 51 to fit the sealing piatja 37 to the plate 10, and 
the outer circumference channel U6b ijs' heated up to a 
predetermined temperature by applying k voltage from the heater 

i 

contact pin 233 to the heater electrode thin film 141, and then a 
voltage supplied from the high-voltage power supply 66 is applied 
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to the electrodes 32a and 32b to make 



the DNA sample perform 



electrophoresis in the outer circumf erjence channel 116b that is 



, followed by an optical 



filled with the DNA conjugate solution, 

detection process for detecting the ablorbance or fluorescence of 
the outer circumference channel 116b bjy the opt.cal detection 
unit 40. 



iference channel 116b is 



(Step SIS) When the outer circur 
scanned with the optical detection uni[ 40 by an arbitrary nu ^ 6r 
o£ times to complete the measurement, foltage application to "the 
electrodes 32a and 32b by the high-voliage power supply 66 is 
stopped and heating by the heater 33 i| also stopped, and then 
the plate 30 as well as the sealing pip 37 are rotated by the 
iow- S peed rotation motor 38 so that thf p l ate 10 13 positioned 
above the plate holder 22. 

(Step S19) When the position is 
stage 50 is moved down from the second- 



first-level position, and the clamper 36 and the plate receiving 



determined, the elevation 
level position to the 



part 21a are separated from each other 



in that position, and then 



the elevation stage 50 is further moved down to the lowermost 
point to sec the plate 10 on the plate holder 22. At this point 
in time, the plate 10 can be discharged from the biological 
sample discrimination apparatus 200. j 

As described above, according to the first embodiment, the 
heater electrode thin film 141 and the 'thermistor 142 are 
embedded in the pl ate 10 while the heater contact pin 233 and the 
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thermistor contact pin 234 are provided in the discrimination 
unit 30 of the biological sample discrimination apparatus 200, 
and a predetermined voltage is suppliejd from Lhe heater contact 
pin 233 to the heater electrode thin film 141 of the plate 10 to 
heat the outer circumference channel 1 
predetermined voltage is supplied from 
234 to the thermistor 142 of the plate 
temperature of the outer circumference 
controlling the heater electrode thin 
possible to achieve further reductions 

of the biological sample discrimination apparatus 2 00 which can 



16b, and further, a 
the thermistor contact pin 
10 to measure the 
channel 116b, thereby 
film 141. Therefore, it is 
in the size and the weight 



2t DNA to be detected, 



discriminate the existence of the targe 
which is included in the DNA sample obtained by extracting a 
specific DNA from cell or blood, accurately in a short time, 
without using a capillary tube that needs- complicated preparation 
work. 

While in the above description the heater electrode thin 
film 141 and the thermistor 142 are embedded in the plate 10, 
first and second electrodes 143a and 143b may be provided in the 
first and second electrode insertion parts 111 and 112 of the 
plate 10, as shown in figure 18. In tjiis case, on the biological 
sample discrimination apparatus side, electrode contact pins 232a 
and 232b for applying voltages to the respective electrodes 14 3a 
and 143b disposed on the plate 10 may }j>e provided as shown in 
figure 17, instead of the electrodes 32a and 32b disposed in the 
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discrimination unit 30. Thereby, the biological sample 
discrimination apparatus 200 can be further reduced in size, 
weight, and cost. 

Also in this second embodiment, As in the first embodiment, 
the pressurization pump 52 may be constructed as a pump system 
capable of performing pressurization and aspiration so that the 
pressurization part 24 can perform aspiration through the pump 



of the DNA sample or 
sample can be carried out 
DNA sample can be 



discrimination apparatus 



tube 53. in this case, quantification 
filling and quantification of the DNA 
by the aspiration process, whereby the 

quantified in a shorter time, and a predetermined amount of the 
DNA sample can be added into the DNA conjugate solution. 
(Embodiment 3) 

Hereinafter, a biological sample 
according to a third embodiment will be described with reference 
to figures 19~21. 

In this third embodiment, while the electrodes to be 

inserted in the electrode insertion parts stand by, the 

i 

respective electrodes are cleaned. 

Figure 19 is a diagram illustratiLg the constructions of the 
first electrode insertion part and the; first electrode standby 
hole disposed on the plate according tcj> the third embodiment, 
figure 20 is a diagram illustrating a iegion in the vicinity of 
the first electrode insertion part disposed on the plate, having 
another construction according to the third embodiment, and 
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figure 21 is a diagram illustrating the construction of a 



embodiment. While in the 
lectrode insertion part 



detection unit according to the third 
following description only the first e: 
will be described as an example to simplify the description, the 
second electrode insertion part also h]as the same construction 
and is cleaned simultaneously with the| first electrode insertion 
part. 

As a first method, a cleaning solution for cleaning the 
electrode is stored in the first electrode standby hole 118. 

i 

When the cleaning solution is stored ik the first electrode 



figure 5, the electrode 32 
Lon stored in the first 
scond sample injection part 



standby hole 118, in step S12 shown in 
can be cleaned with the cleaning solut 
electrode standby hole 118 while the s 

114 is pressurized by the pressurization part 24 and the 
electrode 32 is inserted for standby in the first electrode 
standby hole 118. Thus, foreign objects such as dust attached to 
the electrode 32 can be rinsed away when the conjugate is 
purified or the apparatus 100 or 200 aire stored. 

As a second method, as shown in figure 20, a cleaning area 
16 comprising felt or a lot of fine raising existing in one 
position is provided in a portion of tie plate 10, which portion 
is concentric with the first electrode ' insertion part 111 to 
which the electrode 32 is inserted, -and has no channel. When 
such cleaning area 16 is produced on the plate 10, it is possible 
to clean the electrode 32 by putting tie electrode 32 into the 
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cleaning area 16 or slightly rotating the electrode 32 after it 
is put into the cleaning area 16, whilj* the discrimination unit 



38 to make the electrode 



30 is rotated by the measurement motor 
32 stand by, in step S10 shown in figure 5. Thereby, foreign 
objects such as dust that is attached to the electrode 32 can be 
removed when the conjugate is purified} or the apparatus 100 or 



alectrode 32 into the 



200 are stored. The insertion of the 

cleaning area 16 can be achieved by vertically driving the 
elevation stage 50, and the slight rotation of the electrode 32 
in the cleaning area 16 can be achieve! by rotating the 
discrimination unit 30 by the low-speecjl rotation motor 38. 



As a third method, as shown in fi 



gure 21, an electrode 



cleaning bath 301 is provided in the biological sample 



ectrode cleaning bath 301 



apparatus 300 is operated, 
at is attached to the 



discrimination apparatus. Thus, the e 

i 

is provided in the apparatus 300, and tjhe electrode 32 is slid to 
a position above the electrode cleaning bath to clean the 
electrode 32 while the discrimination unit 30 during a series of 

operations stands by or every time the 

whereby foreign objects such as dust th< 

electrode 32 can be removed when the conjugate is purified or the 

apparatus 300 is stored. 

As described above, according to the third embodiment, when 
it is necessary to perform conjugate pjrif ication by inserting 
the electrodes 32a and 32b in the electjrode insertion parts 111 
and 112, the electrodes 32a and 32b ard cleaned by the cleaning 
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solution or the cleaning area 16 comprising felt or the like 
during a period of time from when conjugate purification is ended 
to when the electrodes 32a and 32b arej inserted into the first 
and second electrode insertion parts lill and 112. On the other 
hand, when there is no necessity of performing conjugate 
purification, the electrodes 32a and ±h are cleaned during a 
period of time from when the operation, 1 is started to when the 
electrodes 32a and 32b are inserted injto the first and second 
electrode insertion parts 111 and 112. Therefore, when the DMA 
sample that is obtained by extracting specific DNA from cell or 
blood is measured by the biological sample discrimination 
apparatus, more precise detection result can be obtained. 
(Embodiment 4) I 



discrimination apparatus 



Hereinafter, a biological sample 
according to a fourth embodiment of the present invention will be 
described with reference to figure 22. 

While in the first to third embodiments the optical 
detection unit 4 0 is fixed onto the elevation stage 50 so as to 



stage 50, this fourth 



be moved integrally with the elevation 
embodiment is further provided with a height adjustment mechanism 
for adjusting the height of the optical detection unit 40. 

In the respective embodiments mentioned above, the 
biological sample discrimination apparatus discriminates 
presence/absence of SNPs in the DNA sajple, and the optical 
detectxon unit 40 detects the absorbance or fluorescence of a 
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portion of the channel pattern 110 forced on the plate 10 to 
detect the electrophoresis state where, the DNA sample migrates by 
electrophoresis in the DNA conjugate solution, and 
presence/absence of SNPs is determined on the basis of the 
detection result . : 

As described above, when performing discrimination for the 

biological sample by detecting the abslrbance or fluorescence of 

a portion of the channel pattern 110 ak described above, the 

optical detection unit 40 must be located at a predetermined 

distance from the plate 10. The reason is as follows. Unless 

measurement is carried out with keeping a constant distance from 

the specimen to be measured, the amount of light incident on the 

i 

optical detection unit 40 varies, resulting in variations in the 



i 

detection, result. 



In the respective embodiments mentioned above, a constant 
distance is kept between the plate 10 and the optical detection 
unit 40 by providing the optical detection unit 4 0 on the 
elevation stage 50. However, the platk 10 receives a pressure 

i 

during the measurement because the heater 33 contacts the plate 
10 or the electrodes 32 are inserted iijito the respective 
electrode insertion parts 111 and 11.2,-| resulting in a possibility 
that slight deflection or the like occurs, in the plate 10, and 
thereby the position of the plate 10 'changes . 

In order to deal with a change inj the plate position due to 
such slight deflection or the like, in this fourth embodiment, a 
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distance measurement unit 42 for measuring a distance between the 
elevation stage 50 and the plate 10 byj reflection of laser or the 
like is provided on the elevation stagje 50, and further, a height 
adjustment unit 41 for adjusting the height of the optical 
detection unit 40 according to the measurement result of the 
distance measurement unit 42 is disposed in the optical detection 



unit 40. i 



An actuator may be adopted as the height adjusting unit 41. 

i 

For example, a micrometer 41a may be provided as shown in figure 
22(a) . Further, a voice coil motor 41b may be provided as shown 
in figure 22(b), and a magnetic flux ik generated by a permanent 
magnet around the voice coil motor 41b, and the direction of a 
current that flows in the voice coil mptor 41b is changed 
according to the measurement result from the distance measurement 
unit 42 to vertically move the coil 4lj>. Alternatively, a 
piezoelectric element 41c is provided as shown in figure 22(c), 
and a voltage according to the measurement result from the 
distance measurement unit 42 is applied to the piezoelectric 
element 41c to vertically move the piezoelectric element 41c. 
Thereby, the positions of the optical Refection unit 40 and the 
plate 10 can be minutely adjusted. to always keep a constant 
distance between them. \ 

As described above, according to the fourth embodiment, 
since the distance measurement unit 42 jis provided on the 
elevation stage 50 and the height adjustment unit 41 for 
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adjusting the height is provided in the optical detection unit 40, 
the distance between the plate 10 and the optical detection unit 
40 can always be kept constant by the height adjustment unit 41 
according to the measurement result of! the distance measurement 
unit 42, and consequently, extremely accurate detection result 
can be obtained when the DNA sample obtained by extracting 
specific DNA from cell or blood is measured in biological sample 
discrimination apparatus. j 
(Embodiment 5) 

Hereinafter, a plate for biological sample discrimination 
will be described with reference to figures 23-27. 

Figure 23 is a diagram illustrating the construction of the 
biological sample discrimination plate j according to the fifth 
embodiment, wherein figure 23(a) shows j a sample injection surface 
of the plate, and figure 23(b) shows a 
of the plate. 

The plate 10 according to the fifjth embodiment is 2mm thick, 
and an opening 10a is provided in its center as shown in figure 
23. Further, grooves 50 U m deep are formed on the channel 
Pattern formation surface of the plate, and an acrylic film 50 *m 
thick is adhered to the groove formation surface to create 
hermetically-sealed channels. On the fiate according to the 
fifth embodiment, four channel patterns 1 UOa-llOd" are formed, a 
portion enclosed in a dotted line is art analysis pattern for one 
analyte. A DNA conjugate and a DNA sample as an analyte are 



channel formation surface 



no 



injected into the hermetically-sealed channels, and injection 
ports 123a~123d for the DNA conjugatej solution and injection 
ports 124a~124d for the DNA sample ark provided for the 
respective channel patterns UOa-llOd. Accordingly, four kinds 
of DNA can be simultaneously analyzed on the plate 10. 

Since the details of the respective channel patterns 110 are 
identical to those described for the first embodiment, repeated 

description is not necessary. j 

Figure 24 is a diagram illustrating another example of a 

channel pattern formed on the biological sample discrimination 



plate 



In the channel pattern shown in figure 24, the buffer agent 
injection part 123 and the inner circumference channel 116a in 
the channel pattern 110 shown in the fjirst embodiment are omitted, 
and the electrode insertion parts 121 



and 122 into which the 



negative electrode and the positive elpctrode are respectively 
inserted in the channel pattern of the 

as a buffer agent insertion part into j^hich the DNA conjugate is 
injected. j 

When the biological sample discrimination plate is thus 
constituted, it is possible to discriminate presence/absence of 
SNPs in the dna sample accurately in a j short time, with simpler 
channels, like the channel pattern according to the first 
embodiment . j 

Further, in the respective embodiments mentioned above, the 



Ill 



channel pattern comprising the buffer lagent injection part 123, 
the inner circumference channel 116a, jthe electrode insertion 
parts in and 112, the outer circumference channel 116b, the 
sample injection part 124, the second {channel 117 including the 
quantification part 117a, the sample pool 115 and the like is 
formed on the same surface of the platja 10. However, among these 
injection parts and channels, particularly the inner 
circumference channel 116a, ■ the outer (circumference channel 116b, 
and the second channel 117 including the quantification part 117a 
may be respectively formed on the front and rear surfaces of the 
same plate 10. Further, for example, jthe sample injection part 
124 and the buffer agent injection part 114 may be formed on 
different surfaces. Thereby, when the 
agent are injected into the plate 10, 

easily discriminated, thereby avoiding j incorrect injection 

As described above, according to jthe fifth embodiment, a 
predetermined amount of the DNA sample Lis held in the 
quantification part A on the plate 10, j and electrophoresis of the 
DNA sample is realised by the positive j electrode insertion part 
112, the negative electrode insertion ^art 121, and the channels 
116b and B, and furthermore, the channil 116b in which 
electrophoresis is carried out is shaped in an arc. Therefore, 
when a DNA sample obtained by extracting specific DNA from cells 
or blood is measured on the biological jsample discrimination 
Plate, extremely accurate detection result can be obtained. 



sample and the buffer 
:he injection ports can be 



112 



APPLICABILITY IN INDUSTRY j 

A biological sample discrimination apparatus according to 



apparatus for performing 



the present invention is useful as an 

discrimination of a biological sample such as a DNA sample 
inexpensively and easily. j 
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